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PREFACE. 


The  original  MS.  of  the  Principles  of  Creole^  was  de- 
liyeied  to  the  publisher  in  1827;  but  the  greater  portion  of 
it  was  then  iii  an  unfinished  state,  the  chapters  on  the  early 

history  of  Geolo^,  and  those  on  "  the  Inorgiinic  Causes 
of  Change,"  being  the  only  ones  then  nearly  ready  tor  the 
press.  The  Work  was  at  that  time  intended  to  form  two 
octavo  TolumeSi  which  were  to  appear  in  the  course  of  the 
year  following.  Their  publication,  houcver,  was  delayed 
by  various  geological  tours  which  I  made  in  the  years 
1828, 1829, 1830,  and  1831,  in  France,  Italy,  Sicily,  and 
Germany.  The  following  were  the  dates  when  the  suc- 
cessive volumes  and  editions  finally  appeared ; — 

1st  Vol.  in  octavo    .....  Jan.  l^K 

2d  Vol.      do.        ....         .  Jan.  If?;i2. 

lat  Vol.  2d  edition  in  octavo         .         .         .  1832. 

2d  Vol.  Sdedidon     do.  .  .  Jan.  1888. 

8d  Vol.  lit  edicioii    do.  .  .  Hay  1883. 

New  edition  (celled  the  8d)  of  the  whole  wofk 

in  4  Toli.  IStano.    .....  May  1834. 

4th  edition,  4  vole.  ISmo.    ....  June  1885b 

I  have  acknowledged  on  former  occasions  the  valuahle 

assistance  afforded  me  by  several  of  my  friends  in  the  exe- 
cution of  this  work,  and  have  especially  returned  my 
thanks  to  Mr.  Murchison,  Mr.  Broderip,  Dr.  Fitton,  Mr. 
Lonsdale,  and  Capt  Basil  Hall,  for  their  zealous  co-opera- 
tion, and  for  the  corrections  and  improvemeuU  vvkLck  were 
adopted  at  their  suggestion. 
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^  PREFACE. 

In  the  Prefaces  to  the  third  and  fourth  editions,  I  gave 
lists  of  the  places  where  new  matter  had  heen  introduced, 
or  where  opinions  expressed  in  former  editions  had  been 
modified  or  renounced.  I  shall  now  again  subjoin  a  simi- 
lar list  for  the  sake  of  those  readers  who  have  already 
studied  this  work,  but  who  may  wish  to  refer  at  once  to 
the  additions  and  corrections  now  made  for  the  first  time. 


List  of  the  principal  Alterations  and  Additions  in  the  Fifth 
Edition,  as  compared  to  the  Fourth. 
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23 
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86 
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107 

Stranding  of  icebergs  on  west  coast  of  Iceland 

117,  118 

Raised  beaches  in  Carlingford  Bay,  Ireland      .          .          .  . 

142 

Omission  of  remarks  on  the  origin  of  the  valleys  of  the  Moselle  and 

Meuse  ........ 

170 

Account  of  Edmonstone  Island  corrected       .          .          .  . 

226 

Arago  on  causes  of  currents,  and  on  relative  level  of  the  Red  Sea  and 

MtMlitorranean  ....... 

241 

On  the  formation  of  Shingle  beaches  .... 

266,267 

Dr.  Daubeiiy  on  a  volcanic  band  across  the  Italian  peninsula  . 

801,  302 

'J'heory  of  clcvalion-cralers  recast,  with  many  additions  and  new  illus- 

trations ........ 

357 

Account  of  the  carthcjuakc  in  Chili,  February  18,'i5,  added  ;  with  Map 

of  Chili  and  plan  of  the  Harbour  of  Conception 

877 

Dr.  Moycn  on  proofs  of  elevation  of  land  in  Chili,  18*32 

3S(),  3S1 

On  the  etl'ects  of  eartlujuakcs  in  the  excavation  of  valleys,  recast 

409,  410 

Von  Buch  on  the  elevation  of  Scandinavia     .          .          .  . 

441 

Account  of  the  subsidence  of  Greenland  enlarged 

447 

VOLUME  II. 

Sir  John  Herechcl  on  the  vegetation  of  seeds  after  exposure  to  great 


Dr.  Beck  on  the  great  range  of  some  epecies  of  testacea 

41,42 

Krman  on  the  level  of  the  Caspian  ..... 

82.  83 

Account  of  Submarine  Forests,  transferred  to  this  place  from  Chap- 

t'Or^\'i«          •          •          •          ,          ,          ,          ,  ^ 

140 

Loess  of  the  Valley  of  the  Rhine,  the  whole  recast  with  additions 

289 
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IX 


Slope  of  recent  strata  to  the  raodeni  delta  of  the  Kmder  in  Lake  of 
'^^"n  812 

Crag  of  Norfolk  and  Suffolk,  and  overijiog  deposit.    The  whole  of 

this  ciiapler  recast  ......  313 
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A  general  view  or  suminary  of  the  oontents  of  this  work 
caimot  fail  to  be  useful  in  pointing  out  more  clearly  the 

course  of  reasoning  adopted,  and  the  order  in  which  the 
different  subjects  are  treated.  I  therefore  hope  that  the 
student,  by  referring  from  time  to  time  to  the  subjoined 
summary,  will  more  easily  understand  the  plan  of  the 
whole,  and  the  bearing  on  geology  of  several  digressions 
which  I  have  introduced  on  collateral  topics,  especially  on 
certain  departmente  of  natural  history. 


GENERAL  VIEW  OR  SUMMARY  OF  THE  PRINCIPLES 

OF  GEOLOGY. 

After  some  observations  on  the  nature  and  objects  of 

Gtology  (Chap.  I.  Vol.  I.),  a  sketch  is  given  of  the  pro- 
gress of  opinion  in  this  science,  firom  the  times  of  the 
earliest  known  writers  to  our  own  days  (Chaps.  II.  III. 
IV.).  From  this  historical  sketoh  it  appears  that  the  first 
cultivators  of  geology  indulged  m  iniiny  visionary  theo- 
ries, the  errors  of  which  are  referred  chiefly  to  one  com- 
mon source, — a  prevailing  persuasion  that  the  ancient 
causes  of  change  were  different,  both  as  regards  their 
nature  and  energy,  to  those  now  in  action.  In  other 
words,  it  was  supposed  that  the  causes  by  which  the  crust 
of  the  earth,  and  its  habitable  surface,  were  modified  at 
remote  periods,  were  almost  entirely  distinct  from  the  ope- 
ratbns  by  which  tihe  surface  and  crust  of  the  planet  are 
now  undergoing  a  gradual  change. 
The  prejudices  which  led  to  this  assumed  diso(»rdance 
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of  ancient  niid  modern  causes  are  next  considered  (Chap, 
y.  to  p.  89,  Vol.  and  it  is  contended  that  neither  the 
imaged  uniyersalily  of  certain  sedimentarj  formations 
(Chap,  v.),  nor  the  different  climates  which  appear  to 
have  fonnurly  pervaded  the  northern  hemisphere  (Clia])s. 
VI.  VII.  VIII.),  nor  the  alleged  progressive  development 
of  organic  life  as  inferred  from  the  study  of  fossil  remains 
(Chap.  IX.),  lend  anj  solid  8up]x>rt  to  tiie  assilmptioQ. 

The  numerous  topics  of  general  interest  brought  under 
review  in  discussing  this  fundamental  question  are  freely 
enlarged  upon,  in  the  hope  of  stimulating  cariosity;  and 
the  author  is  aware  that  in  endesvouriog  to  attain  this 
object,  he  has  occasionally  carried  the  beginner  beyond  his 
depth.  It  is  presumed,  however,  that  the  reader  will  un- 
derstand enough  to  be  convinced  that  the  forces  formerly 
employed  to  remodel  the  crust  of  the  earth  were  the  same  * 
in  kind  and  energy  as  those  now  acting:  or,  at  least,  het 
will  perceive  that  the  oppubite  hypothesis  is  very  ques- 
tionable; and  if  so,  he  will  enter  upon  the  study  of  the 
two  treatises  which  follow  on  the  Changes  now  in  progress 
in  the  Organic  and  Inorganic  World  (Books  IL  and  III.) 
with  a  just  sense  of  the  iinpor lance  of  their  subject  matter, 
and  their  direct  bearing  on  Greology. 

The  first  of  these  treatiseSi  or  that  relating  to  the  changes 
known  to  have  taken  place  in  the  inorgame  creation  within 
the  historical  em,  is  divided  into  two  parts.  In  the  first, 
an  account  is  given  of  the  observed  effects  of  aqueous 
causes,  such  as  rivers,  springs,  tides  and  currents  (Book 
II.  Chaps.  I.  to  VIIL);  in  the  second,  the  igneous  causes, 
such  as  the  volcano  and  earthquake,  and  all  subterranean 
movements,  are  considered  (Book  II.  Chaps.  IX.  to  XIX.). 

The  other  treatise,  or  that  on  the  changes  of  the  organic 
world,  is  also  divided  into  two  parts;  the  first  of  which 
comprehends  all  questions  relating  to  the  real  eidstence 
and  variability  of  species,  and  the  limits  a^jsigned  to  their 
duration  (Chaps.  L  to  XL  Book  III.).  The  second  ex- 
plams  the  processes  by  which  the  remains  of  animals  and 
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cnssed  in  the  first  part  of  the  Third  Book ;  after  reading 
which,  the  student  comes  in  u  great  degree  prepared  to 
£qUow  the  riewvand  specaiatuMiB  of  the  author  on  the  laws 
hy  wYmh  the  eKtmelion  and  suoeeanve  diaappeazanoe  of 

iiptiCics  may  be  governed. 

From  these  remarks  it  will  be  seea  that  a  studj  of  sjs- 
tftinatio  tveaSises  on  the  vecent  ofaangaa  of  the  osgaoic 
inorganio  world  affind  a  good  preliminaiy  exerdae  for 

those  who  desire  to  interpret  creological  monuments.  They 
are  thus  enabled  to  proceed  from  the  known  to  theunknown, 
<nr  from  the  obaenred  effects  of  causes  now  in  action  to  the 
aaaloffoaa  effects  of  llie  same  or  similar  causes  which  haye 

acted  at  remote  periods.  It  was  necessary  to  dwell  thus 
fully  on  the  connexion  of  the  Second  and  Third  Boi>kjs 
with  the  Fourth,  because  the  relation  of  these  parts  of  the 
woik  to  each  other  is  the  least  obTious.  In  ardet  to 
prehend  the  plan  of  other  parts,  it  wiU  be  sufficient  to 
peruse  the  abridged  Table  of  (contents. 
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PRINCIPLES  OF  GEOLOGY. 


BOOK  I. 


CHAPTER  I. 

eulogy  defined— -Com  pa  rod  to  Hlstorv  —  It.^i  rrlntinn  to  other  Phjtical  Sciencct^ 

Hot  to  be  confounded  with  Cosmogony. 

Geologv  is  the  science  which  investigates  the  successive  changes  that 
have  taken  place  in  the  organic  and  inorganic  kingdoms  ol  naiuie:  it 
inquires  into  the  causes  of  these  changes,  and  the  liitlnence  which  they 
hove  exerted  in  modiiymg  the  surface  and  external  structure  of  our 
planet. 

By  these  researches  jjUo  ihc  state  of  the  earth  and  its  inhabitants  at 
former  periods,  we  aciiuire  a  rnorc  perfect  knowledge  of  its  present  con- 
dition, and  more  comprehensive  views  concerning  the  laws  now  govern- 
ing its  animate  and  inanimate  productions.  When  we  study  history,  we 
obtain  a  more  profound  insight  into  human  nature,  by  instituting  a  com* 
purisoD  between  the  present  and  former  states  of  society.  We  trace  the 
long  series  of  events  which  have  gradually  led  to  the  actual  poetore  of 
affairs ;  and  by  connecting  efiectt  with  their  canseff  we  are  enabled  lo 
elaaetfy  and  retain  in  the  memory  a  multitude  of  complieated  reklioni— 
the  Tarione  peeuliariliee  of  national  character — the  difierent  degrees  of 
moral  and  inleUectttal  iefinemenl»  and  numerous  other  cireumstanees» 
wbieb,  without  hisUmcal  associations*  would  be  uninteresting  or  imper- 
feedy  understood.  A.8  the  present  condition  of  nations  is  the  result  of 
many  aoteeedent  changes,  some  extremely  remote  and  others  recent* 
some  gradual,  others  sudden  and  ▼iolent*  so  the  state  of  the  natural  world 
Is  the  residt  of  a  long  succession  of  events  $  and  if  we  would  enlarge  our 
experience  of  the  present  economy  of  nature,  we  must  investignte  the 
effects  of  her  operations  in  former  epochs. 
Vol.  I.— C 
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We  often  discover  with  surprise,  on  looking  back  into  the  chronicles  of 
nations,  how  the  fortune  of  some  battle  has  inllueaced  the  fate  of  millions 
of  our  contemporaries,  when  it  has  long  been  forgotten  by  the  mass  of  ike 
pupuhiuoii.    With  this  remote  event  we  may  Ijnd  inseparably  connected 
the  geograpfiioal  boundaries  of  a  great  state,  the  language  now  spokL  ii  by 
the  inhabiiniiis,  iheir  peculiar  manners,  jaws,  and  reliirious  opiuions. 
But  far  nuirc  asionisliing  and  uih  x peeled  are  ihf  conneciioas  brought  to 
light,  wiieii  we  carry  back  our  resenrchcs  into  Uie  history  of  nature. 
The  form  of  a  coast,  the  configuration  of  liie  interior  of  a  country,  the 
existence  and  extent  of  lakes,  valleys,  and  mountains,  can  often  be  traced 
to  the  former  prevalence  of  earthqaakea  and  volcanos  in  regions  which 
have  long  been  undisturbed.    To  these  remote  convulsions  the  preeent 
fertility  of  some  dietrietSy  the  sterile  character  of  others,  the  elevation  of 
Und  above  the  sen,  the  climate,  and  mions  peculiarities,  may  be  die- 
tinetly  referred.   On  the  other  hand,  many  dialingaishiog  features  of  the 
•orfaee  may  oAen  be  ascribed  tr»  the  openitioii«  at  a  renole  era,  of  alow 
and  traoqoil  eavaea— to  the  gradnal  depoeit&on  of  aediment  in  a  lake  or  in 
the  ocean,  or  to  the  prolifie  ioerease  of  teatacea  and  eoralii. 

To  aeket  another  exaniple«  ve  find  in  eertain  loealctiea  rableiranean 
depoaita  of  coal,  isonaialing  of  vegetaido  BWtlerv  iormerly  drifted  into  aeas 
and  lakea •  Theae  aeaa  and  lakoa  have  ainoe  been  filled  np,  the  landa 
wherido  the  forealt  grew  have  dbappeared  or  ehanged  their  Ibm,  tho 
tiven  and  ennmila  whieh  fiealed  the  vegetable  maiaM  can  no  longer  bo 
traced,  and  the  planta  belonged  to  speeiea  whleb  for  ages  hate  pateed 
away  from  the  surface  of  our  phmet.  Tet  the  commercial  prosperity, 
and  numerical  strength  of  a  naiion,  may  now  be  mainly  dependent  on  the 
local  distribution  of  fuel  determined  by  tli  u  ancient  state  of  things. 

Geology  is  intimately  related  to  alaio-i  all  t!ic  physical  sciences,  as  his- 
tory is  to  the  moral.  An  hissiunari  ^tioiilii,  il  jtossible,  be  at  once  pro- 
foundly acquainted  wuh  ethics,  poliUc«,  jurisprudence,  tlie  military  art, 
theology;  in  a  word,  with  all  branches  of  knowledge  by  which  any 
insight  into  human  affairs,  or  into  ihe  moral  and  intrllprtnal  naltire  of 
man,  can  be  obtained.  It  would  lie  no  less  desirable  thai  a  geologist 
should  be  well  versed  in  eliemistry,  natural  philosophy,  mineralogy, 
zoology* eonaparative  anatomy,  botany;  in  short,  in  every  science  relating 
to  oiganic  and  inorganic  nature.  With  these  accomplishments,  the  his- 
torian  and  geoiogtat  would  rarely  liill  to  draw  correct  and  philosoj^hieai 
eonoinaiona  from  the  various  monomcnis  transmitted  to  theaa  of  fonner 
oecumncea*  They  would  know  to  what  combination  of  cauaea  analo- 
gona  eflbota  weio  relbiahie,  and  Ihey  would  often  be  enabled  to  supply, 
by  infetonee,  information  eoneeming  many  ofonta  nnnooidod  in  the  do* 
Ibetive  arehivea  of  former  agea.  Bot  «a  aneh  oUaneifo  noquiaitlone  era 
aeareely  within  the  waoh  of  any  individnalt  it  in  naaammy  diat  men  who 
hafodoToled  their  lifM  to  difiiMWt  da pmimmm  thonid  oniie  thoiroibrtii 
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and  as  the  historian  receives  assistance  from  the  antiquary,  and  from  those 
who  have  culiivated  different  branches  of  mornl  and  political  ecienrf ,  so 
the  geologist  t^ould  avail  himF^clf  rtf  ihe  ;!ul  of  mniiv  naturalists,  and  par- 
ticularly of  tho«:e  who  have  «itiUied  ihe  fossil  remains  of  lost  species  of 
aoimals  and  plants. 

The  analocry,  however,  of  the  moouments  consulted  in  geology,  and 
those  available  io  history,  extends  no  farther  than  to  one  class  of  his* 
toiical  monoments,— those  which  rosy  be  said  to  be  undeiigrndfy  eom- 
fnemorativc  of  former  events.  The  canoes,  for  example,  and  stone 
hatchets  found  in  oor  peat  hogs«  afford  an  insight  into  the  mde  arts  and 
manners  of  the  earliest  inhabitants  of  our  island ;  the  buried  coin  fixes  the 
date  of  the  reign  of  some  Roman  emperor ;  tlie  ancient  encampment 
indicates  the  districts  once  occupied  hy  invading  armies,  and  the  former, 
method  of  constructing  military,  defences :  the  Egyptian  mammies  throw 
light  on  the  art  of  embalming,  the  rites  of  sepuliure*  or  the  average  stature 
of  the  human  race  in  ancient  Egypt.  This  class  of  memorials  yield 
to  no  other  in  aolhenlieity,  but  h  oonstitnlee  a  email  part  only  of  the 
resources  on  which  the  historian  relies,  whereas  in  geology  it  forms  the 
onlv  kind  of  evidence  which  is  at  our  command.  For  this  reason  we  must 
not  expect  to  obtain  a  full  and  connected  account  of  any  series  of  events 
beyond  the  reach  of  history.  But  the  testimony  of  geological  tnonuments, 
if  frequently  imperfect,  possesses  at  least  the  advantage  of  being  free  from 
all  euspici()n  of  nii'- representation.  We  niay  be  deceived  in  liie  inl<  r- 
encr*-  which  we  draw,  in  ibe  ?nmc  manner  as  we  often  mistake  iho 
nature  and  import  of  phenomena  observed  in  the  daily  course  of  nature  ; 
but  our  liability  to  err  is  confined  to  the  Interpreiation,  and,  if  this  be 
correct,  onr  information  is  certain. 

It  was  long  before  the  distinct  nature  and  legitimate  objects  of  geology 
were  fully  recognised,  and  it  was  at  first  confounded  with  many  other 
brsDches  of  inquiry,  just  as  the  limits  of  history,  poetry,  and  mythology 
were  fll«defined  in  the  infancy  of  civilization*  Even  in  Wemer*s  time, 
or  at  the  close  of  the  eighteenth  century,  geology  appears  to  havs  been 
regarded  as  little  other  than' a  subordinate  department  of  mineralogy ;  and 
Desmarest  included  it  under  the  head  of  Physical  Geography.  But  the 
most  common  and  serious  source  of  confusion  arose  from  the  notion  that 
it  was  the  business  of  geology  to  discover  the  mode  in  which  the  earth 
originated,  or,  ss  some  imagined,  to  study  ths  effects  of  those  cosmolo- 
gical  causes  which  were  employed  by  the  Author  of  Nature  to  bring  this 
planet  out  of  a  nascent  and  chaotic  state  into  a  more  perfect  and  habitable 
condition.  Hutton  was  the  first  who  endeavoured  to  draw  a  strong  line 
of  deinarkalioti  between  his  favoiiriio  science  and  cosmogony,  for  he 
declared  that  geology  was  in  nowise  concerned  wuh  quesiious  as  to  tiie 
origin  of  things.'* 

Ad  attempt  will  be  m^de  in  the  sequel  of  this  work  to  demonstrate 
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that  geology  diffen  as  widely  from  eoamogoDy,  as  apeettlations  concern- 
ing the  mode  of  the  fitet  ereation  of  man  diflfer  from  history.  But,  before 
entering  more  at  large  on  this  controverted  question,  ii  will  be  dcsir  ible 
to  trace  the  progress  of  opinion  on  ihis  topic,  irom  the  earliest  ages  to 
the  commencemeat  of  the  present  century. 


CHAPTER  II. 

BiarORICAL  SKETCH  OF  TBX  PBOOBBn  Of  GBOLOOY. 

« 

Oiieatal  Cosmogoay— I>octrine  of  the  saooesdTO  destraction  and  lenofatian  of  tbs 

worldT— Origin  of  this  doctrine— Common  to  the  Egyptians  (p,  S4.)^^dO|lted  by 

the  fJreeks — Svistf^m  of  Pythagoras — of  Aristotle  (p.  21).) — Dogmas  concerning  the 
extinction  and  reprotiuction  of  genom  and  upecies — Strabo'n  thporv  nf  o|«^v?ition  by 
earthquakes  (p.  31.) — f'Uny — Concluding  Bemarkt  on  the  knowledge  of  the 
Ancients. 

Oriental  Comwgony.^TwB  earliest  doetrines  of  the  Indian  and  Egyp- 
tian sehoola  of  philosophy  agreed  in  ascribing  the  first  creation  of  the 
world  to  an  omnipotent  and  infinite  Being.   They  concorred  also  in 

representing  this  Beings  who  had  existed  from  all  eternity,  as  having 
repeatetlly  destroyed  and  reproduced  the  world  and  all  its  inltabitants. 
In  the  "  Insuiutes  of  Menu,"  Lhe  sacred  volume  of  the  ilmdoos,  to 
which,  in  its  present  form,  Sir  William  Jones  ascribes  an  antiquity  of  at 
least  ciglit  luiniircd  and  eighty  years  before  Christ,  we  find  this  system  of 
the  alteraaie  destruction  and  renovation  of  the  world  propubed  in  the  fol- 
lowing" remarkable  verses  : 

Tlie  Being,  whose  powers  are  incomprehensible,  having  created  me 
(Menu)  and  this  universe,  again  became  absorbed  in  the  Supreme  Spiritp 
changing  the  time  of  energy  for  the  hour  of  repose. 

•«  When  that  power  awakes,  then  has  this  world  its  foil  expansion ; 
hot  when  he  slumbers  with  a  tranquil  spirit^  then  the  whole  system  fades 

away  For  while  he  reposes,  as  it  were,  embodied  spirits 

endowed  with  principles  of  action  depart  from  their  several  acts,  and 
the  mind  itself  becomes  inert.'* 

Menh  then  describes  the  absorption  of  sll  beings  into  the  Supreme 
Essenee,  and  the  Divine  soul  itself  is  said  to  slumber,  and  to  remain  for  a 
time  immersed  in  the  first  idea,  or  in  darkness.*'  He  then  proceeds 
(verse  fifty-seven),   **Thos  that  immutable  power,  by  wakmg  mi 
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iepo«iog  altanialal7t  vevivUiM  aod  tetroytt  la  elanid  wonomSion^  Ihii 
whole  aHemblage  of  ioeomotive  and  iniBioTalilo  ereatiuM.'* 

It  is  then  declared  thai  there  hae  been  a  long  suoceaaion  dmanwmUm' 
mt,  or  perioda,  eaeh  of  the  doratiou  of  many  thoosaod  ages,  and^ 

There  are  ereatiom  ^so,  and  detractions  of  worlds  innumerable : 
the  Being,  snpremeiy  exalted,  performs  all  this  with  as  much  eaae  as  if 
in  sport,  apain  and  :ii^:iin,  for  the  sake  of  conferrinL'^  h;i])-;ine8S.'** 

The  conipilauun  ol  ihe  ordinances  of  Menik  was  not  all  the  work  ot  one 
author  nor  of  one  period,  and  to  this  circumstance  some  of  the  remarkable 
inequalities  of  style  and  matter  are  probably  attributable.  There  are 
many  pas?a<:ps,  fiowe^v^r,  wherein  the  attributes  and  acts  of  the  •*  Infirnte 
and  Incomprehensible  Being"  are  spoken  of  with  much  grandeur  of  coa- 
ceplton  and  sublimity  of  diction,  as  some  of  the  passages  above  cited, 
thoogb  sufficiently  mysterious,  may  serve  to  exemplify.  There  are  at 
the  same  tune  eaeh  pnerile  conceits  and  monatreixa  absnfdities  in  this  cos* 
mogony,  that  some  may  be  disposed  to  impute  to  mere  sceident  any 
slight  appioximation  to  troth,  or  apparent  coincidence  between  the  onen* 
taidogmae  and  obeerved  facts.  This  pretended  ievelatum«  however,  was 
not  pniely  an  effort  of  the  noassisted  imagination,  nor  invented  without 
regard  to  the  opinions  and  obserrations  of  natnraliats.  There  are  intio* 
dneed  into  it  certain  astronomical  theories,  evidently  derived  from  obser* 
vation  and  reasoning*  Thns,  for  instance,  it  ia  declared  that,  at  the 
North  Pole,  the  jrear  was  divided  into  a  long  day  and  night,  and  that  their 
long  day  was  tlie  northern  and  their  night  the  southern  comes  of  the 
sun  ;  and  to  the  inhabitants  of  the  mooot  it  is  said,  one  day  is  equal  in 
length  to  one  month  of  mortals.!  If  such  statements  cannot  be  resolved 
into  mere  conjectures,  we  have  !io  ni^ht  to  r<  I'er  to  mere  chance  the  pre- 
vailing notion,  that  the  earth  and  lis  uiliabUanUi  liad  lornicrly  undergone  a 
succei^sion  of  revolutions  and  catastrophes  interrupted  by  long  intervals  of 
tranqnillity. 

Now  there  :ire  two  sources  in  which  such  a  theory  may  have  oriLnimted. 
The  mnrks  of  iormer  convulsions  on  every  part  of  tlie  surlaee  of  our 
planet  are  obvious  and  striking.  The  remains  of  marine  animals  imbed» 
ded  in  the  solid  strata  are  so  abundant,  that  tliey  may  l)e  expected  to 
force  themselves  on  the  observation  of  every  people  who  have  made 
some  progress  in  refinement;  and  especially  where  one  class  of  men  are 
expressly  set  apart  from  the  rest  for  stody  and  contemplation.  If  these 
appearancee  are  once  recognised,  it  seems  natural  that  the  mind  should 
ceoclufle  in  favour,  not  only  of  mighty  changes  in  past  ages,  but  of  alter- 
nate periods  of  repose  and  disorder;— of  repoae,  when  the  fossil  animals 

*  iDstitQtes  of  Hindoo  Law,  or  the  OxdiiMiiees  of  Menil,  from  the  S«iisertt,1z«nf- 
hied  bj  Sir  William  Jooet,  1796. 
t  Menil,  lest  o.  i.  66  and  67. 
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Irred,  frew,  wid  multiplied— «f  disorder,  when  the  ftralB  ia  wbteh  they 

were  buried  became  iransftired  from  the  seu  to  the  interior  of  conlinents* 
and  w«re  wplified  so  as  lo  form  part  of  high  luountain  chains.  Those 
modern  writem,  who  are  dispoi^d  to  dispnrage  the  former  inlellec^iual 
advancement  nnd  civilization  of  eastern  nations,  may  concede  some  fouii- 
(flation  of  ohservod  factR  for  ihe  curiou.'^  ilieories  now  under  consideration, 
witlinut  irjlulgini^  ill  ex;ifrf:erat((l  opinions  of  the  progress  of  science; 
especially  as  universal  catastrophes  of  the  world,  and  exterminations  of 
organic  beings,  in  the  sense  in  which  they  were  mKientood  by  the  Brah« 
min,  are  untenable  doctrines. 

We  know  that  the  Egyptian  priests  were  nware,  not  only  that  the  soil 
beneath  the  plains  of  the  Nile,  but  that  also  the  hills  bounding  the  great 
mliej,  conieinod  maeine  shells  ;*  and  it  conld  hardly  have  escaped  the 
Mwerraiton  of  eaetera  philoeophen,  that  some  eoilt  were  filled  with 
foeeil  lemaine,  since  eo  mnnj  natieml  works  requiring  extensive  excava- 
tions were  eteemed  'by  oriental  oioiiarchs  in  very  remote  eias«  They 
formed  eanals  and  tanks  on  a  magnificent  scale,  and  we  know  that  ia 
■lore  recent  tines  (the  fovrteenth  eentory  of  our  era)  the  lemoval  of  soil 
tieoessary  for  snch  nndertakings  btonght  to  light  geological  phenomenat 
which  Mtraeled  the  attention  of  a  people  less  drilined  than  were  many  of 
the  older  nations  of  Ibe  Eastt 

Bttt  although  the  Brahmins,  like  the  priesto  of  Egypt,  may  l^e  been 
acquainted  with  the  existence  of  fossil  remains  in  the  strata,  it  is  possi- 
ble that  the  doctrine  of  successive  destructions  and  renovations  of  the 
world  merely  received  corroboration  from  sucli  proofs;  and  liuu  u  luny 
have  been  ongiaally  handed  down,  like  llic  religious  trciiiiiiofis  of  most 
nations,  from  a  ruder  slate  of  society.  The  system  may  have  had  its 
source  in  exaggerated  accounts  of  those  partial,  but  often  dreadful,  ratas- 
tn>phes,  which  are  sometime?  ocrawioned  bv  pnrticulnr  combinations  of 
naturn!  causes.  Floods  and  voli'iinic  erii jdions,  ilic  agency  of  water  iimj 
tiic,  are  ihn  rhu  1  instruments  of  devastation  on  our  globe.  We  shall  point 
out  in  the  sequel  the  extent  of  many  of  these  calamities,  recurring  at  dis- 
tant iatervaks  of  tinier  in  the  present  coinse  of  nature ;  and  shall  only 

« 

•  Herodot.  Eutorpf^.  13. 

t  This  circumstance  ia  mentioned  )n  a  1\  rslan  Mrf.copy  of  the  historian  Ferishta, 
in  the  library  of  the  Eaal  India  Company,  relating  to  the  rise  and  progress  of  the 
Mahomcdan  empire  in  India,  procured  by  Colonel  Briggs  from  the  Hbrary  of  Tip' 
poo  Saltan  la  1799 ;  and  has  been  teeentljr  leiSnrred  to  at  some  length  by  Dr.  BnA» 
]>]kd^(Geel.  Thuii.  M  Sailes,  ii.  pait  iii.  pw  m)-Jt  is  stated  that,  in  tbt 
ytmf  762  (or  1800  of  on*  era,)  the  king  employed  fifty  thoasaad  labourers  ia 
ling  through  a  mound,  bo  as  to  form  a  junction  between  the  rivers  Schma  and 
Sutluj  ;  and  in  this  nmnnd  wnrc  found  the  bone*  of  elephants  and  men,  some  of 
them  petrified,  and  suiue  of  Uiein  resembling  bone.  The  gig'sntic  dimensions  attri- 
bated  to  the  human  bones  show  them  to  have  belonged  to  some  of  the  larger  pacby- 
denaata. 
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obMffve  here,  that  they  are  so  peculiiKly  oalevUted  la  inif  ire  a  lasting 
tenor,  mod  are  to  oliea  fatal  la  their  eoAsequences  to  great  mullil^ides  of 
people,  that  it  scarcely  requires  the  passion  for  the  aiavveMooa,  ao  eh»- 
neierietic  of  rude  and  halMviliied  Bations,  atUl  leta  Uie  exnbeimnt  tmagi- 
MHioa  of  eaaiem  writen»  lo  aogmeoi  thtoi  ml»  genenk  caiadjrsoM  sad 
eoeflagiatiooe* 

Tiie  greal  flood  of  the  Cbiaeie.  which  Ibeiff  lodUiooa  cany  back  to  the 
peiiod  of  Yaoat  ■omelhuig  non  than  8O0O  yeaio  before  oec  em,  hee 
been  ideetUied  by  tone  peraona  wilh  the  ooi?eiMl  debfe  deacribed  m 
Iho  Old  Teaienient ;  but  aceofding  to  Mr.  Davie,  who  accoivpatiied  two 
of  our  embaaaiei  to  China*  and  who  hae  eaiefully  examined  their  writ- 
ten accoenta,  the  Chineae  eataeiysni  it  thwein  described  as  interrupting 
the  boetnees  of  agriculture,  rather  than  as  involving  a  general  destruction 
of  ihe  human  race.  The  great  Yu  was  celebrated  for  having  "  opened 
nine  channels  lu  draw  uil  lix::  vvalt  rs/'  winch  '*  covered  the  low  hilU  and 
bathed  ihe  fool  of  ihe  highest  mountains."  Mr.  Davis  suggests  thai  a 
great  derangement  of  the  waters  of  the  Yellow  Uivcr,  onu  oi  the  largest 
in  the  world,  might  even  now  cause  the  Hood  of  Yaou  lo  be  repealed, 
and  lay  llu'  most  Icriile  and  populous  plains  oJ  Cliina  under  water,  lii 
modern  tunes  the  bursiinor  of  ;t,y  banks  of  an  ariilicial  canal,  into  which 
a  portion  of  the  Yellow  Kiver  has  been  turned,  has  repeatedly  given  rise 
to  the  most  dreadful  accidents,  and  is  a  source  of  perpetual  anxiety  to  Uie 
government,  h  is  easy,  therefore,  to  imagine  how  mieh  greater  may 
have  been  the  inundation,  if  thia  vaUey  wae  ever  convulaed  by  a  vioient 
earthquake.* 

Uooboldt  reiates  the  intereating  fact  that  after  the  annihilation  of  e 
large  part  of  the  inhabiianie  of  Cuniana,  by  an  earthquake  in  1760,  n 
aeaaoa  of  extcnoiditiary  fertility  eneoed,  in  oenaeqnence  of  the  gieaft 
laina  which  aceompenied  the  aubierraoean  eonvulaionc*  The  Indiana,*' 
Va  aaye,  **  celebrated,  after  the  ideaa  of  an  antiqoe  anperetition,  by  leaii* 
fab  aod  dancing,  the  deetntciiea  of  the  werld  and  the  approaching  epoch 
ef  ite  iegenefaiion.'*t 

The  eziaieoee  of  auch  rilee  among  the  rode  natiooa  of  South  Aaerlem 
it  moan  important,  for  it  ahowa  what  effects  may  be  produced  by  great 
catastrophes  of  this  nature,  recurring  at  distant  intervals  of  time,  on  the 
minds  of  a  barbarous  and  uncultivated  race.  The  super>iiiions  of  a  savage 
tribe  are  transmitted  tiirougli  all  ihc  progressive  stages  of  society,  till  they 
exert  a  powerful  intlueiice  on  the  mind  of  tlie  plulosoj)}ier.  He  may 
find,  in  ifie  monuincnLs  of  former  changes  on  the  earth's  jsurface,  an  appa- 
reot  coutiraiation  oi  tenets  banded  down  through  successive  generations, 

*  Sec  DavtB  <m  "  The  Chinese,"  published  by  the  Bosicty  for  th»  DiSdnoik  of 

Cteful  K n'^wW'dtre,  vol.  i.  p.  12d. 
t  Uombo^at  et  BaspUnd^  Voy.  Relat.  Uiat.  yol.  i.  p.  SO. 
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ftom  IfaB  nds  tmntor,  whose  toiriM  isnagintlloii  dww  a  fidw  pielm  of 
thoM  anrflil  viiitatiini  of  ioodt  cod  ouAqiiakflt,  wh&Nkj  tho  wholo  ourth 
tt  Imown  to  Iiim  wts  tiiBalteiieoiMly  devtstatodL 

Egyptian  Cosmogony, — Respecting  the  ooMUOgony  of  die  EgypliM 
priests,  we  gather  much  infonnation  from  writers  of  the  GfeeiAii  eeetBf 

w!!o  !)orro\vrtl  aliiioii  all  their  tenets  from  Egypt,  and  amongst  olhere 
that  of  the  tormer  successive  deslruciion  and  renovation  of  the  world.* 
We  learn  from  Plutarcbt  that  this  was  tlie  ilieiiie  of  one  of  the  hymns  <>t 
Orpheus,  so  celebrated  in  the  fabulous  ages  of  Greece,  h  was  hruught 
by  him  from  the  hanks  of  the  Nile  ;  and  we  even  find  in  his  verses,  as  in 
the  Indian  systems,  a  dennile  period  asiif^ned  for  the  duration  ot  <>?.eh 
successive  world. t  The  returns  of  great  catastrophes  were  UeleruiUied 
by  the  period  of  tlie  Annus  Magnus,  or  grent  yoar, — a  cycle  composed  of 
the  revolutions  of  the  sun,  moon,  and  plaueu,  and  terminating  when 
these  letom  together  to  the  same  sign  whence  they  were  supposed  at 
some  remole  epoch  to  have  set  out.  The  duration  of  tliis  great  cydti  wmm 
vaiiOBsly  estimated.  According  to  Orpheus,  it  was  120,000  years;  ac> 
Qordiog  to  others,  aOO,000 ;  and  by  Csssander  it  was  tskea  to  he  sao»000 
years.l 

We  lesrp  psrtioolarly  from  the  Timsos  of  Plato,  thst  the  Egyptisas 
believed  the  worid  to  be  snbjset  to  oeessionsl  oosflsgtattons  and  delageflt 
whereby  the  gods  snested  the  eareer  of  hw&sn  wickedness,  snd  potiliad 
the  earth  ftom  guilt.  After  eseh  regsnetstion,  mankind  were  in  a  ststa 
of  virtue  snd  hsppiness,  from  which  they  grsdaidly  degeneislsd  sgma 
into  Ties  and  immorality.  Fhim  this  Egyptian  doctrine,  the  poets  derifod 
the  fsUe  of  the  deeline  from  the  golden  to  the  iron  sge.  Hie  seel  of 
Stoies  adopted  most  tally  the  system  of  oatsstrophss  dsstined  si  eeitsiR 
intervals  to  destroy  the  woiid.  These-  they  tanght  were  of  two  kinds 
the  Cataclysm,  or  destruction  by  deluge,  which  sweeps  away  the  whole 
human  race,  and  annihilates  all  the  animal  and  vegetable  productions  of 
nature  ;  and  the  Ecpyrosis,  or  conflagration,  which  dissolves  the  ^lobe 
itaelf.  From  the  Egyptians  also  they  derived  the  doctrine  of  the  gradual 
debasement  of  man  from  a  state  of  innocence.  Towards  the  termination 
of  each  era  the  i?od<?  could  luj  l  intrer  hear  with  the  wickedness  of  men, 
and  a  shock  ul  tlu'  clt mcrns  or  ii  delude  overwhelmi  'l  thfm  ;  after  which 
calamity  Astren  a^ain  dc-rf  ndcd  on  llie  earth,  to  renew  the  golden  niTe.§ 

The  connection  between  the  doctrine  of  successive  catastrophes  and 
repeated  deteriorations  in  the  moral  character  of  the  human  lac^,  is  more 
intimate  and  natural  then  might  ai  first  be  imsgined.  For,  in  a  mde  stste 

•  Prichard'B  Egypt.  Mylhol.  p.  177. 

t  Plot.  (]•-  Dcfi  ctu  Oracalorum,  cip.  IS.  Csuaoriasa  de  Dm  Natali.  See  ■!» 

•  Pricbard  "  K<TVpl-  Mythol.  p.  182. 

t  Pricbard  s  Egypt.  MytiioL  p.  m  |  ibid.  p.  193. 
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of  society,  all  srreat  calamities  are  regarded  by  die  people  as  judgments  of 
(ioil  on  the  wickedness  oi'  man.  'I'hus  in  our  own  lime,  the  pricst.s  per- 
^uailt  (1  a  large  part  of  liie  population  of  Chili,  and  perhaps  believed 
themselves,  that  the  fatal  earthquake  of  182?  was  a  sign  of  the  wrath  of 
Heaven  for  the  great  political  revolution  just  then  consummated  in  South 
America.  In  like  majiner,  in  ihc  account  given  to  Solon  by  the  Egyptian 
piietls,  of  the  taboiersion  of  the  island  of  Atlantis  under  the  waters  of 
the  ocean,  after  repeated  shocks  of  an  earthquake,  we  6nd  that  the  event 
happened  when  Jupiter  had  seen  the  moral  depravity  of  the  inhabitanta.* 
Now,  when  the  notion  had  onee  gained  ground,  whether  from  caaaea 
before  anggeated  or  not,  that  the  earth  had  been  destroyed  bj  several 
general  catastrophes,  it  would  next  be  inlbrred  that  the  human  mee  had 
been  as  oAen  destroyed  and  renovated.  And  since  every  extermination 
was  assumed  to  be  peoal,  It  could  only  be  reconciled  with  divine  juatice, 
by  the  aupposition  diat  man,  at  each  soccessive  creation,  was  regenerated 
in  a  stale  of  parity  and  innocence. 

A  very  large  portion  of  Asia,  inhabited  by  the  earliest  nations  whose 
traditions  have  come  down  to  us,  has  been  always  subject  to  tremendous 
earthquakes.  C)i  the  geographical  boundaries  of  these,  and  their  efit-cts, 
I  shall  speak  in  the  proper  place.  Egypt  has,  for  the  most  part,  been 
exempt  from  tins  scourge,  and  the  tradition  of  catastrophes  in  that  coua- 
try  was  perhaps  derived  from  llie East. 

One  extraordinar V  lictifin  of  the  Egyptian  mylhology  was  the  sup- 
posed intervention  of  a  masculo-fenunine  principle,  to  which  was  a9fiie:ned 
the  development  of  the  embryo  world,  somewhat  in  the  way  of  mcuba- 
tioo.  For  the  doctrine  was,  that  when  the  first  chaotic  mass  had  been 
produced,  in  the  form  of  an  egg,  by  a  self-dependent  and  eternal  Being, 
it  required  the  myateiious  functions  of  this  masculo-feminine  artificer  to 
reduce  the  component  elements  into  organized  forms. 

Although  it  is  scarcely  possible  lo  recall  to  mind  this  conceit  without 
smiling,  it  does  not  seem  to  differ  essentially  in  principle  from  some  cos- 
mologieal  notions  of  men  of  great  genius  and  acienee  in  modem  Europe. 
The  Egyptian  philosophers  ventured  on  the  perilous  taak  of  seeking 
IfOffl  among  the  processes  now  going  on,  something  analogoua  to  the  mode 
of  operation  employed  by  the  Author  of  Nature  in  the  firat  creation  of 
organized  beings,  and  they  compared  it  to  that  which  govema  the  birth 
of  new  individuals  by  generation.  To  anppose  that  some  general  rolea 
might  be  observed  in  the  first  origin  of  created  beings,  or  the  first  intro* 
duciion  of  new  species  into  our  system,  was  not  absurd,  nor  inconsistent 
with  any  thing  known  to  us  m  the  economy  of  the  universe.  But  the 
hypothesis,  that  there  was  any  an  iloL^y  between  such  laws  and  lliose 
employed  in  the  continual  reproduction  ui  species,  was  purely  graiuiluus- 

*  Pkto'sTinueas. 
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In  like  mnnnrr,  it  is  not  luircnsonnWe,  nor  derogatory  to  the  attributes  of 
Omnipolpncc,  lo  imagine  thai  some  gtMu  ral  laws  mny  be  observed  in  t!ie 
creation  of  new  worlds;  and  if  man  could  witness  the  birth  of  such 
worlds,  he  might  reason  by  indnction  apon  the  origin  of  bis  own.  But 
la  the  tbsenee  of  sneh  data,  an  attempt  haa  been  mad«  to  fancy  oome 
aaalogf  between  the  ageiito  now  employed  to  destroy,  renovate,  and  per- 
petnallj  varjr  the  ejrth'a  anrface,  and  thoee  wheieby  the  fiist  ehaotte 
maia  waa  formed,  and  btooght  by  auppOaed  naaoent  enei^gy  Aom  Ibe 
embryo  to  the  habitable  ataCe. 

By  how  many  ahadea  the  elabofaie  ayalemai  eonatrneted  on  teas 
pfineiplea»  may  diflbr  from  die  myateriea  of  the  Mundane  Egg"  oC 
Egyptian  ftble,  I  ahall  not  hiiinire.  It  would,  perhaps,  bo  danferow 
gfonnd ;  and  aome  of  oaf  eontemporariea  might  not  alt  aa  patiently  aa  the 
Athenian  audience,  when  the  fiction  of  the  ohaotio  egg,  engrafted  by 
Orphans  upon  their  own  mythology^  waa  turned  into  ridieule  by  Arlalo- 
phanes,  Tlut  comedian  introduced  hia  birds  singing,  in  a  aolemn  hymn, 
^  How  aable>plumaged  Night  eoneeived  in  the  boundlees  bosom  of  Ere- 
bus, and  laid  an  fgg^  from  which,  in  the  revolution  of  ages,  sprung  Love, 
resplendent  wiih  ^rtjl  !en  pinions.  Love  fecundated  the  liarik-winged 
chaos,  and  gave  ori^jin  to  llie  race  of  birdis.'** 

PyUmgorean  Doctrines. — Pythagoras,  who  resided  ft>|  more  than 
twenty  years  in  Egypt,  and,  accordin<r  to  Cicero,  had  visited  the  East, 
and  conversed  with  tlie  Persian  philosophers,  iniroiiured  into  Ijis  own 
country,  on  Ids  return,  llie  doctrine  of  the  !:;r:i(]iiai  delenoraiion  uf  ilie 
human  race  f  mm  an  original  state  of  virtue  and  happiness  :  but  if  we  are 
to  judge  of  his  theory  concerning  the  destructioQ  and  renovation  of  the 
earth  from  the  sketch  given  by  Ond»  we  most  concede  it  to  have  been  far 
move  phitoeophieai  than  any  known  venkNi  of  the  eoamologies  of  orjental 
or  Egyptian  sects. 

Although  Pythagoraa  b  introduced  by  the  poet  as  delhrering  his  doo* 
trine  in  peiaon,  some  of  the  iUostratiotta  are  derived  from  natural  evnnta 
whioh  happened  after  the  death  of  the  phiioaopber.  Bat  Mnwithatandlof 
these  anachronisms,  we  may  regaid  the  aceonot  aa  a  trae  pieiiiro  of  the 
teneta  of  the  Pythagorean  achool  in  the  Augustan  age;  and  althongil 
perhapa  partially  modiSed,  it  must  have  oontained  the  anbatanee  of  the 
original  aehemo.  Thus  considered.  It  la  extremely  enrioaa  and  inatr«e> 
tive ;  for  we  here  find  a  comprehensive  and  masterly  summary  of  almoot 
alt  the  great  causes  of  chaiigc  now  In  activity  on  the  globe,  and  theee 
adduced  in  confirmation  of  a  principle  of  perpetual  and  gradual  revolution 
inherent  in  the  nature  of  our  terrestrial  system.  These  doctrines,  it  is 
tnie,  nre  not  directly  applied  to  theexplanaiion  of  geological  jdienniiie aa  i 
or,  in  other  words,  no  attempt  is  made  to  estimate  what  may  have  been  in 

*  Aristoplianesi  Birds,  681. 
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jtzsi  ages,  or  wliat  may  hereafter  be,  the  aggregate  amount  of  change 
brought  about  by  such  never-ending  fluctiiaiions.  Hnil  thi«  been  itie 
ease,  we  mi^Hii  have  been  called  upon  to  aUuiire  so  cxiraordinary  an  anti- 
cipation with  uu  less  interest  than  astronomers,  when  ihey  eiiiieavour  to 
divine  by  what  menus  the  SamiaA  phUoaopUer  came  to  ihe  iuiowledge  of 
ihe  Capernican  system. 

Lei  U8  DOW  examiae  the  celebrated  paaaegea  to  wiueh  we  baYe  been 
adverting  :* 

Noiiiing  perishes  in  tbia  world ;  but  things  merely  vary  and  change 
tbek  form.  To  be  born,  means  simply  that  a  thing  bogioa  to  be  aome* 
tfainf  different  from  what  it  was  before ;  and  dying*  ii  ceaaiog  to  be  the 
aane  thing.  Yet,  although  nothing  retaina  long  the  aame  inagOt  the  sum 
of  the  wholo  leoiaina  eooatant.**  Theae  general  pfopoaitlona  are  then 
eenfirmed  by  a  aeriae  of  ezamplea,  all  derived  from  natural  appeannoae, 
exeept  the  fint.  which  refers  to  the  golden  age  giving  place  to  the  age  of 
Iron.  The  lllnatnitlona  ace  thua  conaeeatively  adduced. 
1.  Solid  land  haa  been  eonverted  Into  eea. 

S.  Sea  haa  been  changed  into  land.  Marine  shells  He  far  distant  from 
the  deep,  and  the  anchor  has  been  found  on  the  summit  of  hills. 

3.  Valleys  have  been  excavated  by  ruiimxig  water,  aad  iluodd  have 
washed  duwii  lulls  mio  Ute  sua.t 

4.  Marshes  have  becoiuu  dry  ground. 

5.  Dry  lands  liave  been  changed  into  stagnant  pools. 

6.  During  earthquakes  some  springs  have  been  closed  up,  and  new  ones 
have  broken  out.  Rivers  have  deserted  iheir  elianneis,  and  have  been 
reborn  elsewhere  ;  as  the  Erasinus  in  Greece,  and  Mysns  in  Asia. 

7.  The  waters  of  some  rivers,  formerly  sweet,  ha?e  become  bittert  aa 
thoae  of  the  Anigris  in  Greece*  S^cX 

8.  Islands  have  become  connected  with  the  main  land,  by  the  growth 
ef  deliaa  and  new  depoaita«  ae  in  the  caae  of  Antiaaa  joined  to  Leaboe, 
Pbaroe  to  Egypt,  dec. 

9.  Peninaolaa  have  been  divided  firom  the  main  land,  and  have  become 
ialande»  ea  Leoeadia;  and  according  to  tnditioo  Sicily,  the  aea  having 
eariiod  away  the  isthttuie. 

10.  Land  baa  been  aob«erged  by  earthqnakea  t  the  Oieeian  citlea  of 
Helice  and  Buriit  for  example,  are  to  be  aeen  under  the  eea,  with  Iheir 
walla  inclined. 

*  Ovid's  Bfetamor.  Kb.  15. 

t  Eluvie  nioDs  e»i  d«dactus  in  eequor,  v.  267.  The  meaning  of  this  last  ver^e  h 
somewhat  olMcure.  but,  taken  with  the  context,  may  be  supposed  to  aUuda  to  the 

abrading  powpr  ofll  wcln,  torrt  ihh,  nnd  rivers. 

*  The  impiegudUuu  liuui  new  minerai  apringVi  caused  by  eartlK^u&kes  m  Tulc&mo 
couatfieS|  is,  perhaps,  here  alluded  to* 
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11.  Plains  have  been  upheaved  into  hills  by  the  oonfined  air  eeekiiig 

vent,  as  at  TrcEzen  in  the  Peloponnesus. 

12.  The  temperature  of  some  spnuga  variea  at  diireretit  periods.  The 
waters  of  oihers  are  itillatnmable.* 

13.  There  are  streams  which  have  :i  iritj  ing  power,  and  convert  tlie 
•obstances  which  they  touclt  intu  tuarble. 

14.  Extraordinary  medicinal  and  deleterious  efiiects  are  produced  by 
the  water  of  different  laltes  and  gprins^^.f 

15.  Some  rocks  and  islands,  alter  lioaiing  ami  Jiavm^^  been  sulijrrt  to 
violent  movements,  have  at  length  become  stationary  and  immoveablet  a« 
Delos,  and  the  Cyanean  Isles.^ 

16.  Volcanic  vents  shift  their  poeition ;  there  was  a  time  when  Etna 
was  not  a  burning  mountain,  and  the  time  will  coma  when  it  will  cease ' 
to  born.    Whether  it  be  that  some  caverns  become  closed  up  by  the 
movements  of  the  earth,  and  others  opened,  or  whether  the  fiiei  is  finally 
exhausled,  dee.  &c 

The  various  causes  of  change  in  the  inanimate  world  having  been  thus 
enomerated,  the  doctrine  of  equivocal  generation  is  next  propounded,  an 
illustrating  a  corresponding  perpetual  flux  in  the  animals  creation.} 

in  the  Egyptian  and  Eastern  coemogoniee,  and  in  tlie  Greek  venkm  of 
them,  no  very  definite  meaning  can,  in  genenl,  be  attached  to  the  term 
"  destruction  of  the  world;"  for  sometimes  it  would  seem  almost  to  imply 

*  This  is  probably  an  allusion  to  the  escape  of  inflammable  gas,  like  that  in  the  dis- 
trict of  Baku,  west  «f  die  Gtepisa;  at  Pietnaula,  in  HhB  Tnaesa  Apeaaiaes  j  a»i 
seveial  other  plaoei. 

t  Many  of  those  described  aeem  fimelM  fietions,  like  the  virtues  still  so  eonunonly 

attributed  to  mineral  waters. 

t  Raspe,  in  a  learned  and  judicious  essay  (Dc  Novis  Tnsulis,  cap.  19),  has  made  it 
appear  extremely  probable  that  all  the  traditions  of  certain  islands  in  the  Mediterra- 
nean having  at  some  former  time  frequently  siiifled  tlu-ir  pobiLiuMs,  and  at  length 
become  stationary,  originated  in  the  great  change  produced  in  tlieir  form  by  earth- 
qnakes  and  submarine  emptions,  of  which  there  have  been  modern  examples  in  the 
new  islands  raised  in  the  time  of  histoiy.  When  the  series  of  convnliions  ended,  the 
Island  was  said  to  become  fixed. 

§  It  is  not  inconsistent  with  the  Hindoo  mythology  to  suppose  that  Pythsforaa 
mipht  have  found  in  the  East  not  only  the  system  of  universal  and  violent  cataatro* 
phes  nnd  periods  of  repose  in  endless  Buccossion,  Imt  filso  that  of  periodical  revolu- 
tionii,  etilcted  by  the  continued  agency  of  ordinary  causes.  For  Brahma,  V  ishnu, 
and  Siva,  the  first,  second,  and  third  persons  of  the  Hindoo  triad,  severally 
reinesented  the  Creative,  the  Preserving,  and  the  Destroying  powers  of  the  Deitj. 
The  eo-eiistence  of  these  three  attrihales,  ell  in  simultaneous  operation,  might  well 
accord  with  the  notion  of  perpetual  but  ptrttal  alterations  finally  bringing  about  a 
complete  change.  But  the  fiction  expressed  in  the  verses  before  quoted  from  Menu, 
of  eternnl  vicissitudes  in  the  vigils  and  slumbers  oi"  t  ho  Infinite  Being,  seems  arc nni- 
modated  to  the  system  of  great  general  catastrophes  tbUowed  by  new  creations  and 
periods  of  repose-  * 
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the  annihilation  of  our  planeUry  sjrsteiDt  and  al  othera  a  mere  revolouon 
of  tlie  surface  of  the  earth.  , 

Opinions  of  Anttotle. — From  ihe  works  now  extant  of  Aristotle,  and 
from  the  system  of  PythagortBf  as  above  expoeed,  we  might  certainly 
infer  that  these  philosophers  considered  the  agents  of  change  now  opera- 
ting in  natoie,  as  capable  of  bringing  about  in  the  lapse  of  agee  a  complele 
revolntioD;  and  the  Stsgyrile  even  considers  occasional  catastiophest 
happening  at  distant  mtenrals  of  timet  ss  part  of  tho  tegular  and  ordinaiy 
eoone  of  nature.  The,  deluge  of  Deuodiout  be  sayst  affected  Qrseoe 
only*  and  principally  the  part  called  HellaSt  and  it  arose  from  great  inun- 
dations of  rivers  during  a  rainy  winter.  But  such  extrsordinary  winterst 
he  says,  though  after  a  certain  period  they  return,  do  not  always  revisit 
the  same  places** 

Censorinns  quotes  it  as  Aristotle's  opinion,  that  there  were  general 
inundations  of  the  globe,  and  that  they  alternated  with  conflagrations ; 
and  Uiat  the  flood  constituted  the  winter  of  the  great  year,  or  astronomical 
cycle,  while  the  conflagraiion,  ur  destruction  by  ilrc,  is  the  summer  or 
period  of  greatest  heat.t  If  this  passage,  as  Lipsius  supposes,  be  an  am- 
plification, by  Censorinus,  of  what  is  written  in  *•  the  Meleorics,*'  it  is 
a  gross  misrepresentation  of  the  doctrine  of  ihe  Slagyritc,  for  the  general 
bearing  of  his  reasonine"  in  that  treatise  tends  cl early  in  an  opposite  direc- 
tion, lie  refers  to  many  examples  of  changes  now  constandy  going  on, 
and  insists  emphatically  on  the  great  results  which  they  roust  produce  in 
the  lapse  of  ages.  He  instances  particular  cases  of  lakes  that  had  dried 
up,  and  deserts  tliat  had  at  length  become  watered  by  rivers  and  fertilised. 
He  points  to  the  growth  of  the  NHotic  delta  since  the  time  of  Homer,  to 
the  shallowing  of  the  Pains  Msotis  within  sixty  years  from  his  own 
time ;  and  although,  in  the  same  chapter,  he  says  nothing  of  earthquakes, 
yet  in  others  of  the  same  treatise  he  shows  himself  not  unacquainted  with 
their  effeets4  He  alludes,  for  example,  to  the  upheaving  of  one  of  the 
EoUan  islands  previous  to  a  volcanic  eruption*  ^  The  changes  of  the 
earth,**  he  says,  are  so  slow  in  comparison  to  the  duration  of  our  lives, 
that  they  are  overiooked  (Mttm) ;  and  the  migrations  of  people  after 
great  catastrophes,  and  their  removal  to  other  regions,  cause  the  event  to 
beforgotten.**$ 

When  we  consider  the  acquaintance  displayed  by  Aristotle,  in  his 

various  works,  with  the  destroying  and  renovating  powers  of  Nature,  the 
introt'ii.ciory  and  coucl tiding  passages  of  the  twelfth  chapter  of  his 
♦*  Meieorica are  certainly  very  rciuarkahle.  In  the  first  sentence  he 
say!?,  «♦  The  distribution  of  land  and  sea  in  particular  regions  does  not 
endure  tiiroughout  all  lime,  but  it  becomes  sea  in  tlio^e  parts  where  it  was 

•  Meteor,  lib.  i  cap.  12.  ^  Dp  Die  Nat 

I  Lib.  ii.  cap.  14, 15,  and  16.  §  Ibtd. 
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land,  and  again  ii  becomes  land  where  il  wa^  sea  ;  and  ihere  la  reason  for 
thinking  that  these  changes  lake  place  accordinij  to  a  certain  system,  and 
within  a  crrtaiii  perio(J.*'  The  concluding^  obscrvaliun  is  as  i'ullovvs  ;— 
*•  As  time  never  iaiis,  and  the  universe  is  eternal,  neither  the  Tanais,  nor 
liie  Nile,  e;ui  hnve  flowed  fotever.  The  j>lace8  where  they  rise  were 
once  dry,  and  llicre  is  a  litnit  to  their  operations  ;  but  there  is  none  to 
lime.  So  also  of  all  other  rivers  ;  they  spniig  up,  and  they  perish  ;  and 
the  sea  also  continually  deserts  some  lands  and  invades  others.  The 
Mine  inciB»  therefore,  of  the  earth  are  nott  aome  always  sea  and  othen 
alwaya  eoniiiMDlat  but  every  thing  changes  in  the  course  of  time.*' 

It  aaemat  then,  that  the  Greeks  had  not  only  derived  from  preceding 
natiooa,  but  had  aUot  in  >ome  slight  degree*  deduced  from  their  own 
observaliooSf  the  theory  of  periodical  revolutions  in  the  inorganic  world: 
there  ia,  however,  no  ground  for  imagining  that  they  eonlemplated  former 
ohangea  in  the  raeea  of  animala  and  planta.   E? en  the  fact  that  marine 
remain*  were  inekwed  in  aoltd  rocka,  although  obeeived  by  aome«  and 
even  made  the  groundwork  of  geological  apeculation,  never  atlmulated  the 
industry  or  guided  the  Inquirica  of  naturaliata.   It  ia  not  impoaaible  that 
tbe  theory  of  equivocal  generation  might  have  engendered  aome  indif- 
ference on  this  aubjeet,  and  that  a  belief  in  the  apootaneous  production  of 
living  beings  from  the  earth  or  corrupt  matter  might  have  caused  the 
organic  world  to  appear  so  unstable  and  fluctuating,  that  phenomena 
indicaiLvu  ol  lurmer  changes  would  not  awaken  intense  curiobiiy.  The 
Egyptians,  it  is  uue,  had  Laughi,  ami  ilie  Sioics  had  repeated,  that  the 
earth  had  once  given  birth  to  some  monstrous  animals,  which  existed  no 
longer;  but  the  prevailing  opinion  seems  to  have  been,  that  after  each 
great  catastro[)he  ilic  same  species  of  animals  were  created  over  again. 
This  tenet  is  implied  in  a  passage  of  Seneca,  where,  speaking  of  a  future 
deluge,  he  snys,    Every  animal  sliall  bo  generated  aueWt  ^d  man  free 
from  guilt  shall  be  given  to  the  earth.'** 

An  old  Arabian  version  of  the  doctrine  of  the  successive  revolutiona  of 
the  globe,  traoslaled  by  Abraham  Ecchellensis,!  seems  to  form  a  aingular 
exception  to  the  general  rule,  for  here  we  find  the  idea  of  different  genera 
and  species  having  been  created.  Tiie  Gerbanitect  e  aect  of  astronomera 
who  flourished  aome  centuries  before  the  Cbriatian  era,  taught  as  follower 
That  after  every  period  of  8G,425  yeara,  there  were  produced  a  pair  of 
enertf  apeciea  of  animal,  both  male  and  female,  from  whom  animala  might 
be  propagated  and  inhabit  thia  lower  world.  But  when  a  circulation 
of  Uie  heavenly  orba  was  completed,  which  la  finiahed  in  that  apaee  of 

**Omne  *x  integro  aniinsl  geMrabitnr,  dahitaTqaA  tsrrishonuibiBoiiissoelenun.-^ 

Qnnst.  Nat.  lii.  c.  29. 

f  Thia  author  was  Regiiu  Professor  of  Syriac  and  Arabic  at  Paris,  where,  ia  1665, 
he  published  a  Latin  translation  of  many  Arabian  MS9.  on  difierent  dspsTtmsatS  of 
philosophy.   This  work  has  alwaje  been  considered  of  high  authofi^. 
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years,  olher  genera  and  species  of  animals  are  propagated,  as  alfa  of  plaota 
and  other  things,  aod  the  first  order  is  destroyed*  and  so  it  goes  on  for  ever 
and  ever.'** 

Theory  of  Sirabo,^k8  we  learn  much  of  the  tenets  of  the  Egyptian 
and  oriental  schools  in  the  writings  of  the  Greeks,  so  many  speeolattons 
of  the  early  Greek  anthors  are  made  known  to  ns  in  the  works  of  the 
Angostan  and  later  ages.  Strabo,  in  particular,  enters  largely,  in  the 
second  book  of  his  <?eograpby,  into  the  opinions  of  Eratosthenes  and 
other  Greeks  on  one  of  the  most  dHBcnlt  problems  in  geology,  viz.  by 
what  censes  marine  shells  came  to  be  plentjfally  bnried  in  the  earth  at 
saeh  great  elevations  and  distances  from  the  sea. 

He  notices,  amongst  others,  the  explanation  of  Zanthns  the  Lydian, 
who  said  that  the  seas  had  once  been  more  extensive,  and  that  they  had 
afterwards  heen  partially  dried  up,  as  in  his  own  lime  many  lakes,  rivers, 
and  wells  in  Asia  had  failed  during  a  season  of  drought.  Trenting  this 
conjecture  with  meritfd  disregard,  Sirabo  passes  oa  to  liio  liyjjoihesis  of 
Strato,  the  natural  pliilo-^ojilicr,  who  had  observed  that  the  quantity  of 
mud  brouehl  down  by  rivers  into  ihe  Euxine  was  so  great,  that  its  bed 
musi  be  ^ruhaally  rai^eil,  while  the  rivers  still  conimue  to  pour  in  an 
untlimimsiietl  quantity  of  water.  He,  therefore,  conceived  tb  u,  ongtnally, 
when  Uie  Euxine  was  an  inland  sea,  its  level  hud  by  this  means  become 
SO  much  elevated  that  it  burst  its  barrier  near  Byzantium,  and  formed  a 
eomrannication  witli  the  Propontis ;  and  this  partial  drainage,  he  supposed, 
had  already  converted  ihe  left  side  into  marshy  gioond,  and  thus,  at  last, 
the  whole  would  be  choked  op  with  soil.  So,  it  was  argued,  the  Mediteiw 
ranean  had  onee  opened  a  passage  for  itself  by  the  Columns  of  Hercules 
into  the  Atlantici  and  perhaps  the  abundance  of  sea-shells  in  Africa,  near 
the  Temple  of  Jnpiter  Anmoo,  might  also  be  the  deposit  of  some  former 
inland  sea,  which  had  at  length  foroed  a  passage  and  escaped. 

Bat  Strsbo  refects  this  theory,  as  insnflkient  to  account  for  all  the 
phenomeaa,  and  he  proposes  one  of  his  own,  the  profoundness  of  whjph 
modem  geologists  are  only  beginning  to  appreciate.    **It  is  not,**  ha 

•  Gerbanits  docebant  singulos  triginta  sex  millc  annos  qtiadringentofl,  viginti 
qninnn*^  hinn  er  singulis  animalium  speciebm  prndnci,  maretu  scilicet  ac  feniiruun, 
ex  qiiibus  ttiumalia  propEig^autur,  huncque  intieriorcm  incolimt  orbem.  Abs<»Jata 
aut«;iu  cceleiitiuia  orbium  circulaUoDe,  que  Ulo  annorum  coDficitur  spaUo,  iterum 
alia  prodaeoBtur  aaiinaliniii  genera  et  species,  qnemadoiodiiiii  et  p!aiitaram 
alianuiiqiie  renun,  et  primus  destmitnr  ordo,  neqoe  la  infinituai  pfodtteitur./— Histor. 
Orient.  Sappl.  per  Abrabamum  Eechelleiuurn,  Sjruin  Maronitam,  cap.  7et($.ad 
eaieem  Chronic!  Oriental.   Parisus,  e  Typ.  regia,  16^,  fol. 

I  have  given  the  punctuation  as  in  the  Paris  edition,  there  being  no  romma  after 
quioque;  but,  at  the  »ug-grstion  of  M.  de  Schlegrl.  I  have  referred  tlie  number 
twenty -five  to  the  period  of  years,  and  not  to  the  number  of  pair*  of  each  species 
created  at  one  time,  as  1  had  done  in  tbe  two  firrt  editions.  Forlia  inlWned  that 
twenty^five  new  jpeeiet  only  were  created  at  a  time;  a  co&atmetion  which  the 
paiaage  will  not  admit  H^m.  nir  PHiat  Kat.  de  I'ltalie,  vol.  L  p.  908. 
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says,  "because  the  lands  covered  by  seas  were  originally  at  tliirerent 
aiUtudes,  that  the  waters  have  risen,  or  subsided,  or  receded  from  some 
parts  and  inundated  others.  But  ihe  reason  is,  that  the  same  land  is 
soineiiincs  raised  up  and  sometime?;  (icprcssed,  and  the  *:en  also  is  simul- 
taneously raised  and  depressed,  so  that  it  either  overiiows  or  returns  into 
its  own  place  again.  We  must,  therefore,  ascribe  the  cause  to  the  ground, 
neither  to  that  ground  which  is  under  the  sea,  or  to  that  which  becomef 
flooded  by  it,  bul  rather  to  that  which  lies  beneath  the  sea,  for  this  is  mors 
moveable,  and*  on  aeeount  of  its  humidity^  ean  be  altered  with  gvealer 
celerity.*  "//  if  proper he  observes  in  continiialion,  *^to  imoe  am 
expkmfiiau  from  thing*  whith  are  odviOMf,  and  in  Mme  meaaura  ff 
daih/  otcurrmeet  9U«h  aa  dtbtgetf  tarihfuaktif  and  wdeanie  enqiaionifi 
and  mddm  wwdHing$  ^  lAe  Umd  bemath  ih$  tea;  for  the  tail  nite  up 
the  aaa  aleo;  and  when  the  aanie  landa  anbeide  again*  they  oooanon  the 
aea  to  be  let  down.  And  it  ia  not  merely  the  amattt  bnt  the  large  ialanda 
alao»  and  not  nniely  the  ialanda,  hnt  the  eontineiita,  wbieh  can  be  liAed 
up  together  with  the  aea ;  and  both  laige  and  amaU  traeta  may  snbeidct 
for  habitationa  and  citiearlike  BniCi  Biionay  and  many  others*  hafe  bean  . 
engulphed  by  earthquakee.** 

In  another  place  this  learned  geographer,  in  alluding  to  the  tradition  that 
SicUy  liad  been  separated  by  a  convulsion  iVora  Italy,  reiiKirks.  iliai  at 
present  the  land  near  the  sea  in  tliose  part^  was  rarely  shakcsi  by  earth- 
quakes, since  there  were  now  opnn  orifices  whereby  fire  and  ipniled 
matters,  and  waters  escape;  but  laniiprly,  when  the  volcanos  oi  Etna, 
the  Lipari  Islands,  Isrhm,  and  otlii  rs,  were  closed  tlie  imprisoned 
fire  and  wind  might  have  produced  tar  more  vehement  movements.^  The 
doetrine,  therefore,  that  volcanos  are  safety  valves,  and  that  Hie  subtcf* 
raneah  convulsions  are  probaUy  most  violent  wlian  han  the  voleanie 
energy  shifts  itself  to  a  new  quarter,  is  not  roodem« 

We  learn  from  a  passage  in  8trabo,§  that  it  was  a  dogaw  of  the  Qanliah 
Druids  that  the  univene  was  immortal,  but  deataned  to anrviTC  catastiophea 
both  of  fire  and  water.  Tliat  this  doctrine  wae  communicated  to  Uiem 
from  the  Eaat,  with  much  of  their  learning,  cannot  be  donbted.  Caaar, 
it  will  be  remembered,  aaya  that  they  made  nie  of  Greek  letlem  in  aiitb* 
metical  Gomputationa.| 

•  "  Quod  cnini  hop  altollitnr  aut  eubsidit,  et  Tcl  inundat  qutcdam  loea,  vel  ab  iia 
rocedit,  ejus  n-i  causa  non  est,  (juod  alia  alii?  ««o1.a  Innniliora  sint  nnlaltiora;  sed 
quod  idem  boIuiu  inudu  atlollitur  moUo  deprinutur,  simuique  etiam  modo  attollitor 
moii  deprinitar  mare:  itaqoa  vel  exuadat  vel  in  smim  redit  loeam.'* 

Peits^  p.  68.  '*  Aeatat,  at  eaastm  adseribunns  solo,  sive  qood  mari  rabest  4va 
qnod  Inondatiir;  potiib  tsnen  et  qood  oiari  ■abesL  Hoo  eahn  mall&  cot  aMMlias, 
ot  quod  ob  bumiditatem  oe]ori6s  matiii  peodt**— Sliobo,  Qeog.  Edit  AlnoloT. 
Amgl.  1707.  lib.  i. 

♦  Vofranic  civptions,  oruptionca  flatuum,  in  the  Latin  translatinn.  and  in  the 
original  Greek,  «itf<^vir«/u<tT«|  gaaeoua  eruptions or  tJ|/ial!um«of  land :— Ibid.,  p.  93. 

%  Strabo,  lib.  ri.  p.  3iM>.  §  Book  ir.  (|  L.  vi.  cb.  xiii. 
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Pliny. — This  philosopher  had  no  theoretical  opinions  of  his  own 
coocemiiig  changes  of  the  earih's  surface ;  and  in  this  department,  as  io 
Others,  he  restricted  himself  to  the  task  of  a  compiler,  without  reasoning 
on  Ike  iacts  stated  by  hinif  or  attenptiiig^  to  digest  them  into  regular 
order.  But  his  oanmeration  of  tho  new  isiajidF  which  had  been  formed 
in  the  Me^tefwaean,  tiid  of  other  ooovabiont,  shews  that  the  ancients 
had  Bpl  been  inattentive  obeer?en  of  the  changes  which  had  taken 
phtf^  wtkhiti  the  memoiy  of  man. 

Asm*  AenV  appear  to  have  been  the  opiniooi  entertained  before  the 
ChilWin  <ra,  eoaeentng  the  past  revolntioDs  of  oor  globe.  Although  no 
perti—iar  iniiinlioai  had  been  made  for  the  ezpitss  purpose  of  inter- 
j^iiliU  tile  Aonnmeiits  of  aneient  changes,  they  were  too  obvions  to  be 
eifiiel^  dtawHaTded  i  and  the  observation  of  the  present  course  of  nature 
pfeaeMA  fto  many  proofs  of  alterations  continually  in  progress  on  the 
earth  to  allow  philoBophers  to  believe  that  nature  was  in  a  state  of  rest, 
or  that  the  surface  had  remained,  and  wouhl  continue  to  remain,  unaltered. 
BuL  liicj  had  never  compared  rtt  ntively  the  results  of  the  deslroyinfr  mil 
reproductive  operations  of  irodem  uhk  >  \\  \\\\  those  of  remote  eras,  iiui  iiad 
thi'v  ^ver  cuteriaiaud  i>o  lauch  as  n  (•(nijrcturt"  CMiiccn'.inLr  the  rom|>?>rntive 
anUi|Uiiy  I'f  the  hnmnn  mce,  or  nl  In  itig  aptcirs  ol  aminaljis  and  piaiits, 
with  those  l)(  loiigiiii:  to  InniH  i  conditions  of  the  or^tni*'  world.  'J'hey 
hvA  studied  the  movementii  and  positions  of  the  heavenly  bodies  with 
laborioas  industry,  ant!  made  some  progress  in  inveFticnting  the  animal, 
jMigetable,  and  jaincrai  kingdoms ;  but  the  ancient  history  of  the  globe 
*yim  to  thea  a  scaled  book,  and,  although  written  in  characters  of  the 
mm^.  M^n^mg  and  ioapoeiDg  kind,  they  were  unconscious  even  of  its 
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Arabian  writers  of  tlie  tenth  century — Aviccnna — Omar — Coimo|^nj  of  the  Koran 
•--Xiaiiviiil— Bulj  Itafiu  writwi  (p.  37.)-*FiiaHtaro— CootroTenf  b«  to  the  real 
nttora  orfoiw]«--Attributedto  tlieMoMiedeIafe--'Paljn7--8teno  (p.  40.).*-Setl]a 
•-4imriiu--'Boyle>--Uit«r--Leibiiito--Hooke'i  Hieorj  of  EleTation  bj  Ewth* 
qaakes  (p.  44.) — Of  loet  species  of  animals — Ray — Physico-thecdogieal  writaw 
W()odward*H  Diluvial  Th»«ory  (p.  48  ) — Burnet — Wliislon — Vallisncri — Lairaro 
Moro  (p  r)'3^--rTrn.'relU — Butfon  (p.  r»7.) — Hi«  thpnry  condemned  by  tiie  Sorbonnc 
as  unorthodox — Hia  declaration — Targioni — Arduino — Michell — Catcotfc — Raspe 
Fuchsel  (p.  61.) — Fortif— Testa — Whitehurst — Pallas — Saussure. 

Jlni!)i<in  writers, — Ai  ter  the  decliue  of  the  Roman  empire,  the  cultiva- 
tion of  physical  science  was  first  revived  %viih  some  success  by  the  Sara- 
cens, about  the  middle  of  the  eiglith  century  of  our  era.  The  works  of 
the  most  eminent  classic  writers  were  purchased  at  great  expense  from 
the  Christians,  and  translated  into  Arabic;  and  Al  Mamun,  son  of  the 
famous  Harftn-al-Rasliid,  t!ie  contemporary  of  Charlemairne,  received 
with  marks  of  dislinciion,  al  his  court  atBai^dad,  astronomers  aiul  men  of 
learning  from  different  countries.  This  caliph,  and  some  of  hiB  suecessors, 
encountered  much  opposition  and  jealousy  from  the  doctors  of  the  Maho* 
medan  law,  who  wished  tlie  Moalema  to  confine  their  studies  to  the  Koran, 
dreading  the  effects  of  the  diffusion  of  a  taste  for  the  physical  eeiences.* 

•tfvtceniui.— Almost  all  the  works  of  the  early  Arabian  writers  am  lo«U 
Amongst  those  of  the  tenth  centaryt  of  which  fragments  are  now  extant* 
is  a  short  treatiio  **  On  the  Formation  and  ClassUioationof  Minerals*"  by 
Avicenna,  a  physieian*  in  whose  arrangement  there  is  eonsidorahlo  merit* 
The  second  chapter,  «•  On  the  Canse  of  Mountains,**  is  remarkable ;  Ibr 
moontains,  he  says,  ars  formed,  some  by  essential,  others  by  accidental 
eanaes.  In  illuitration  of  the  essential,  he  instances  a  violent  earthqnafce, 
by  which  land  is  elevated,  and  becomes  a  mountain  of  the  accidental* 
the  principal,  he  says,  is  excavation  by  water,  whereby  cavities  sre  pro- 
duced, and  adjoining  lands  made  to  stand  out  and  form  eminencect 

Omar^—^omnogony  of  ike  Xormu^ln  the  same  century  also,  Omar, 
sumamed  El  Aalem,**  or  **  The  Learned,"  wrote  a  work  on  **  The 
Retreat  of  the  Sea."    It  appears  that  on  comparing  the  charts  of  his  own 

*  Mod.  Univ.  Uiat.  vol.  ii.  chap.  iv.  section  iii. 

t  Mantes  qQind6que  fiunt  ex  causa  esseatiali,  qiiand6qi]e  ex  oaoaa  aeeidentali. 
Ez  Mseatiala  causa,  nt  cz  vebemeBta  oMta  tens  etevatnr  tens,  et  fit  aioas.  Accip 
dcntali,  4ke.— De  OMigeklione  Lapidnm,  ed.  Gedani,  16BS. 
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time  with  those  made  by  the  Indian  and  Persian  astronomers  two  thou- 
sand years  before,  he  had  sntisfied  himself  that  important  changes  had 
taken  place  eince  ihe  limes  of  in.siory  m  the  form  of  the  coasts  of  Asia, 
•Dd  that  the  extension  of  the  sea  had  been  greater  at  some  former  periods. 
He  was  confirmed  in  this  opinion  by  Ihd  namenMM  salt  springs  and 
Busfacs  in  Um  interior  of  A»i%  n  phenomenon  Irom  whieii  P«Uiu«  in 
more  reeent  tini6e«  bu  drawn  the  leme  inference. 

Yon  Hoff  has  suggested>  with  great  probability*  that  the  changei  in  the 
level  of  the  Ceepian  (eeme  of  wbieh  tfaere  ie  reem  to  believe  have  bap* 
pened  within  the  blatorieai  era),  and  the  geological  appearaneea  in  thai 
diatriet,  indieatingdie  deeertioD  by  that  aeaof  its  aneient  bed*  bad  piobahlj 
led  OoMor  to  bia  theory  of  a  general  aubaidenoe.  Bvt  whatever  may  have 
been  thepioofr  reUed  on»  hie  ayitem  waedeolarad  oootradletoffy  to  eertain 
paaeagee  in  the  Koran,  and  he  waa  called  upon  pobiidy  to  lecanl  hie 
cmna ;  to  avoid  whieb  peiaecation  he  went  into  velfoitary  baniahmeni 
from  Samarkand.* 

The  cosinological  opinions  expressed  in  the  Koran  are  few,  and  merely 
introduced  incidenlally  :  so  that  it  is  not  easy  to  understand  how  ihey 
could  have  interfered  so  seriously  with  free  discuisioa  on  ihe  former 
changes  of  the  globe.  Tlie  Prophet  declares  that  the  earth  was  created 
in  two  days,  and  the  mountains  were  then  placed  on  it;  and  during  these, 
and  two  additional  days,  the  inhabitants  of  tlie  earth  were  foriued  ;  and  in 
two  more  the  seven  heavens. t  There  is  no  more  delad  of  cirtjumstances ; 
and  the  deluge,  which  is  also  mentioned,  19  discussed  wuh  eqtial  brevity. 
The  waters  are  represented  to  have  poured  out  of  an  oven ;  a  strange 
ftbloy  wd  to  be  borrowed  from  the  Peraiaa  Magi,  who  repreiented  them 
aa  leaning  from  the  oven  of  an  old  wonian4  All  men  were  drowned, 
aavo  Noah  and  his  family;  and  then  God  said,  0  earth,  swallow  up  thy 
watora ;  and  iboo«  O  heaven*  withhold  tJiy  rain  i"  and  imnedietely  the 
waleie  abated.§ 

*  Von  Hoir,  Oesehidite  der  Verindennigeii  iter  Erdobeifliehe,  vd.  I.  p.  406^  who 
dftae  Miaia,  bey  HknnDB  WetUnnd  VSIkergMohiehte.  Alia  Geaeh.  Itw  Theil.  a. 
9S4ii— Tlw  Arabian  peiveootioBa  for  heretical  dogmas  in  tbsology  were  oAen  very 

•angninarr.  In  the  same  ages  wherein  learning  was  most  in  estecni  ,  the  Mahome- 
tans were  divided  iatotwosects,  one  of  whnTii  inriintriined  that  the  Konin  was  increate, 
and  had  subsisted  in  the  very  essence  of  God  iVoiu  all  eternity;  and  the  other,  the 
Motazalites,  who,  admitting  that  the  Koran  was  instituted  by  God,  conceived  it  to 
have  been  first  nnde  when  levealed  tothe  Prophet  at  Mecca,  and  aeeoaed  their  op- 
peaeats  cf  IwIieTiiig  in  two  eteiaal  beiiifi*  The  ofHniqaa  of  each  these  seeta  weca 
taken  up  by  different  oaSpliain  succeMion,  and  the  followers  of  each  ■ometimes  sub- 
nitied  to  be  beheaded,  or  flogged  tillaithepointof  death,  rather  than  fesomioo  their 
creed. — Mod.  Univ.  Hiat.  vd.  ii.  ch.  iv. 

t  Koran,  chap.  xU. 

I  bale  s  Koran,  chap.  zi.  see  note.  (  Ibid. 
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We  my  rappow  Omar  1o  have  tepKMnlacI  Um  daamioa  «f  die  kal 
bj  the  aea  to  have  baen  gnduali  aadthat  hia  hypotliaaia  nqoiied  a  grcaior 
li^  oT  agefi  than  waa  ooaabloiit  with  ICoalan  orthodoxy  $  for  tl  la  lo  bo 
inferred  from  tho  Koran,  that  man  and  thia  planol  wora  ctoatad  at  tho 
aame  time ;  and  altboogh  Mahomet  did  not  limit  earpreialy  the  antlqnity 
of  the  human  race,  yet  he  gave  an  implied  sanction  to  the  Mosaic  chro- 
nology, by  the  veneration  expressed  by  him  ior  U^e  Hebrew  Patriarchs.* 

A  manuscript  work,  entitled  the  '*  Wonders  of  Nature,"  preserved 
in  the  Royal  Library  al  Paris,  by  an  Arabian  writer,  Mohammed  Kazwini, 
who  tiourished  in  the  seventh  century  of  the  Hcgira,  or  at  the  close  of 
the  thirteenth  century  of  our  era.t  Besides  several  curious  remarks  on 
aerolites,  earthquaketi,  and  the  successive  changes  of  position  which  the 
land  and  sea  have  underfifone,  we  mcci  wiih  the  following  beautiful  pas- 
aage,  which  is  given  as  the  narrative  of  Khidhz,  an  allegoricsl personage : 
— **  I  passed  one  day  by  a  very  ancient  and  wonderfully  populous  ciiy» 
and  asked  one  of  its  inhabitants  how  long  it  had  been  founded,  *  It  io 
indeed  a  oiighiy  eity/  replied  he,  *  we  know  not  how  long  it  has  existed, 
and  oor  anceatora  were  on  thia  anbject  aa  igooiaat  la  oiuaeltrea.'  Five 
eentnriee  afWrwarda,  as  I  passed  by  the  same  place,  I  eonld  not  pereeivo 
the  allghteat  feetige  of  the  ei^.  1  demanded  of  a  peaaant  who  waa 
gatheriog  herbe>  upon  iu  former  aite«  how  long  it  had  been  deetioyed. 
<  In  aootfa,  a  atiange  qneation  V  replied  he.  *  The  ground  hero  baa  iievor 
been  different  from  what  yon  now  behold  it.'— » Waa  there  not  of  old*' 
aaid  I,  *  a  aplandid  eity  here  f— ^  Nofor/  anawered  he»  « ao  Cur  aa  w« 
have  aeon,  and  never  did  oar  ftthera  apeak  to  na  of  any  aneh.*  On  mf 
letnra  theiOy  five  hundred  yean  afterwarda,  / fotaid Hie  aea  InlAt  amno 
place,  and  on  ita  ahoiea  were  a  party  of  fiaherment  of  whom  1  inquired 
how  long  the  land  had  been  covered  by  the  wateraf  *  Is  this  a  question,' 
Siiid  ihcy,  *  for  a  manlike  you  ?  this  spot  has  always  been  wlial  it  is  uow/ 
I  again  returned,  five  hundred  years  afterwards,  and  the  sea  liad  disap« 
peared ;  1  iiiquired  ol  a  man  who  stood  alone  upon  ilic  spot,  how  long 
ago  this  change  had  taken  place,  and  Jie  gave  me  the  same  answer  as  I 
had  received  before.  Latstiy,  on  coming  back  aermn  after  an  equal  lapse 
of  time,  T  found  there  a  flourishing  city,  more  popnious  and  more  rich  m 
beautiful  buildings  than  the  city  I  had  seen  the  tirsl  time,  and  when  I 
would  fain  have  informed  myself  concerning  its  origin,  the  iahabitanta 
anawered  me,  '  Its  rise  is  lost  in  remote  antiquity  :  we  are  ignorant  liow 
long  it  has  exiatedi  and  onr  £ithera  were  on  thk  anbjeet  aa  ignonitt  aa 
ouraeivea.* " 

•  Koflsa,  appointed  ma«ter  to  thr  Caliph  Al  Mamud,  was  author  ofabook  entitled 
«»The  History  of  the  Patriarr  l  ^  and  i*rophets, /row  (As  CrtatUm,  tk$  Wortd."^ 
llod.  Univ.  Hist.  vol.  ii.  chap.  iv. 

t  Tr&iuiated  by  MM.  Chesj  and  De  Sscy,  and  cited  by  M.  Eiic  dc  Beaamont, 
Aon  4ea  flei.  Nat.  183S. 
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Smijf  liaSm  liHIm— JWwdttlbr^t  im^i  wag  not  till  the  earlkr 
ptrt  of  the  tixloeath  eontiny  that  geologieal  phenomena  befan  to  attract 
the  attention  of  the  Christian  nations.  At  that  period  a  very  animated 
eontroversy  sprang  up  in  Italy,  concerning  the  true  nature  and  origin  of 
marine  bhells,  and  other  organized  fossils,  found  abundantly  in  the  slraU 
of  the  peninsula.^  The  excavations  made  in  1517,  for  repairing  the  city 
of  Verona,  brought  to  light  a  multitude  of  cunoub  petrifactions,  and  fur- 
nished matter  for  epeciiHlion  to  different  authors,  and  among  the  re«t  to 
Fracastoro,t  who  declared  h\s  opinion,  tliat  fossil  shells  had  all  belonged 
to  Ining  animals,  which  had  formerly  lived  and  multiplied  where  their 
exaWae  are  now  found.  Ue  exposed  the  absurdity  of  having  recourae  to 
m  oertaiB  «*  plaatio  force/'  which  it  waa  aaid  had  power  to  fashion  stonea 
into  organic  forms ;  and  with  no  less  cogent  arguments,  domoiistrated  the 
latOity  o£  attnbitttng  the  situation  of  the  ahella  in  question  to  the  Mosaic 
daioge,  a  thoorjr  obatiwltly  defended  by  aome.  That  inniidatioBy  he  ob- 
aawcJ,  waa  too  tiuiaient»  it  eontiatod  piineipnlly  of  fluviatilo  waten  \  and 
if  it  had  tnnapoitad  ahella  to  great  diatanoea,  nmat  hafo  atnwed  tfaoni 
over  the  aar&cOt  not  baiied  tfaem  at  vaat  deptha  in  the  interior  of  /uniii* 
taiaa.  Hia  dear  ezpoeitlon  of  the  evidenee  wooid  ha?e  tetminated  the 
diacoaeion  for  overt  if  the  paaaiona  of  mankind  had  not  been  enliated  in 
the  diapntei  and  even  though  doid>ta  ahonld  for  a  time  have  remained 
In  aome  minda»  th^  would  apeedily  have  been  lemoved  hf  the  fireah  in- 
iwmaiion  i%lained  almoat  tnunediately  aAerwardat  respecting  the  structure 
of  loesil  remains,  and  of  their  living  analogues. 

But  ihc  clear  and  philosophical  views  of  Frncasluro  were  disre^^iirdcd, 
and  the  talent  and  argumentative  powers  of  tlu  learned  were  doomed  for 
tJiree  centuries  to  be  wasted  in  the  discussion  of  these  two  simple  and 
preliminary  questions:  first,  whether  fossil  remains  had  ever  belonged  to 
"lisinfT  creatures;  and,  secondly,  whether^  if  this  be  admitted,  all  die  plic- 
Domena  could  not  bo  explained  by  the  Woacliian  deluge,  ll  had  been  tlie 
jgeneral  belief  of  the  (Jhristian  world  down  to  the  period  now  under  con- 
sideration, tiiat  the  origin  of  this  planet  was  not  more  remote  than  a  few 
thooaand  years ;  and  that  since  the  creation  the  deluge  waa.  tlie  only  great 
calaatrophe  liy  which  considerable  change  had  been  wrought  on  the 
earth's  surface.  On  the  other  hand»  the  opinion  waa  acarcely  less  general 
lhat  the  final  diseelution  of  our  ayatem  waa  an  event  to  be  loolted  lor  at  no 
dtftant  period.  The  era,  it  ia  tmot  of  the  expeetad  miUenninm  had  paaaed 
sway;  and  for  five  handled  yeara  after  the  fital  hoor,  when  the  annihila^ 
tioD  of  the  planet  had  been  looked  for»  the  mooka  remamed  m  nndta* 
tnbod  ei^loyBMnt  of  rieh  granta  of  land  beqneathed  to  tbem  by  pioaado> 
Mia,  who,  in  the  preamble  of  deeda  beginning  '  appropinqoante  mondi 

*  Bee  Brocefai'«  Diacoorss  on  the  ProgreM  of  the  Study  of  FomU  Conchology  in 
Italy,  where  »omc  of  the  Mloiriag  astiess  on  Itsiian  writeis  wiU  bs  foand  aw  at  Urgs. 
I  Moaeuoi  Cala»ol.  * 
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tormtno''— appropinquante  magoo  judicii  die,**  leA  lasting  moDuments 
of  the  popular  delusion.* 

But  alihough  in  the  sixteenth  century  it  lind  bt^come  necessary  to  in- 
terpret the  prophecies  more  liberally,  and  to  ajssjgn  a  more  disiaril  dale  to 
tlie  future  conflagration  of  the  worid,  we  find,  in  the  specnlations  of  the 
early  geologists,  perpplua!  allusion  to  such  an  approaching  catastrophe ; 
while  in  all  that  regarded  the  antiqnil)  of  the  earth,  mi  modification  wliat- 
evpr  of  ihr  opinions  of  the  dark  ages  liad  been  cllLCied.  Considt  ruble 
alartn  was  at  first  excited  when  tiie  attempt  was  made  to  invalidate,  by 
physical  proofs,  an  article  of  faith  so  genenUy  received ;  but  ihm  was 
sufficient  spirit  of  toleration  Wdd  candour  amongst  the  Italian  ecdoMtiliei 
to  allow  the  subjeet  to  be  eanfaased  with  joaoh  froadom.  They  even  oiip 
teied  warmly  into  the  controToray  themselvea,  often  favouring  different 
aidea  of  the  question  {  and  however  much  we  may  depkMO  the  ioaa  of 
lima  and  labour  doYoied  to  the  defence  of  nntenable  poaitiona,  it  moat  be 
conceded,  Ibat  tbey  diaplayed  far  leas  polemic  bittemeaa  than  certain 
writers  wbo  followed  them  **  beyond  tbe  Alpa,"  two  centuriea  and  a  half 
later. 

CONTROVERSY  AS  TO  THE  REAL  NATURE  OF  FOSSIL  ORUAMIC  REMAINS. 

Matiioli — FaUoppio, — The  system  of  scholastic  disputations  encour- 
aged in  the  universities  of  the  middle  ages  had  unforluuaieiy  trained  uiea  to 
habits  of  iiideliniie  argumeniaiiun  ;  and  ihey  often  preferred  absurd  and 
extravagant  propositions,  because  greater  akiW  was  required  to  maiuum 
them  ;  the  end  and  object  of  these  intellectual  combats  being  victory,  and 
not  truth.  No  thcor)^  could  be  so  far-fetched  or  fantastical  as  not  to  at- 
tract some  followers,  provided  ii  lell  in  with  popular  notions;  and  as  cos- 
mogonistij  were  not  at  all  restricted,  in  building  their  systems,  Uj  the 
ngcnry  of  known  causes,  the  opponents  of  Fracastoro  met  his  argumenta 
by  feignmg  imaginary  causes,  which  differed  from  each  other  rather  in 
name  thau  in  substance.  Andrea  Matuoli»  for  instance*  an  eminent  boln- 
nist,  the  illoatrator  of  Dioscoridea,  embraced  the  notion  of  Agrieola,  a 
akilful  German  miner,  that  a  certain  materia  pinguis,"  or  fat^  matter,*' 
set  into  fermentation  by  heatf  gave  birth  to  foaaii  oifaoic  ahapea*  Yet 
Mattioii  had  come  to  the  concluaion«  from  hia  own  obaervationa*  thai  po" 
rona  bodies,  anch  as  bonea  and  ahellB,  might  be  converted  into  atone,  as 
being  permeable  to  what  he  termed  the  lapidifying  juice."  In  like  man- 
ner, Falloppio  of  Padaa  coneeiTcd  that  petrified  ahella  were  geneiated  by 
fermentation  In  the  epota  where  they  are  found,  or  that  they  had  in  aomo 
cases  acquired  their  fonn  fW>m  "  the  tumdtuoua  moTementa  of  terrestrial 

*  In  Sicily,  in  particular,  the  title-deeds  of  mmiiy  valuable  grants  of  land  to  the 
monasteries  nrf  hpfifJ^<l  by  such  pr»'atnble-^,  rompo«ef^  bv  the  testator?  about  the  pa* 
hod  wlien  the  good  Kiug  Roger  was  expeliing  tbe  Saracens  from  that  iataad. 
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lliat  eerlaiB  tntks  of  daphaoti  dug  up  in  his  time  at  Fn^^im  wero  mere 
Mithy  eoocretioDs ;  and  conststenlly  with  these  principles,  he  even  went 
so  faras  to  consider  it  probable,  that  llie  vases  of  Monte  'rosiacet)  ut  Rome 
were  natural  impressions  stamped  in  the  soil.*  in  ihe  bamo  tpint,  Mer- 
Ckiii^  vviiu  published,  in  1574,  faithful  figures  of  the  fossil  sheila  preserved 
by  Pope  ISixtus  V.  in  the  MusiMim  of  ilie  Vaiicaii,  expressed  an  opiiuon 
ihnt  they  were  mere  stones,  which  had  assumed  their  peculiar  confiffura- 
lion  I'ruiii  llie  influenre  ol  ilic  heavenly  bodies;  and  (Jlivi  of  Cremona,  who 
d>  scribed  the  fossil  remams  of  a  rich  Museum  at  Verooa«  was  aaliefifld 
wi  rh  considering  them  as  mere  **  sports  of  nature/* 

Qome  of  the  haei6/X  notions  oC  Ibtse  limes  were  deemed  less  mam' 
■omtlSj  m  biiig  scMMwhat  is  harmony  with  the  Aristotelian  theory  of 
•pOBtsiMOQS  fBMnlkm,  then  taught  ui  aU  the  schools.  For  men  who  had 
hesB  tmght  in  esilj  yiKitb,  that  a  laig«  piopofftioii  of  lifiof  animahi  sad 
plants  wm  Amnod  fmi  iho  lostniliMW  ooneowow  of  alomt*  or  hs4  ipnmf 
Ikon  tho  oovniptioii  of  oigaue  matttf » mSgbl  tmiLf  pomaado  thsoiolvep 
Ihsl  oifswo  sbspssy  olbii  i^potelly  pvssemd  ia  the  inlpfior  of  solid 
i»ek%  owed  thstr  existeacs  io  caaoes  oqaally  ohseaio  aad  mystarioas. 

CMoaOt  166a.«->Bat  thort  won  aot  wanting  soaoia,  who^  daiinf  tho 
progreso  of  tfaia  Qaataiy»  aiqpioasad  imko  aoaad  sad  aober  o|^ioBB,  Tin 
liOa  of  a  woik  of  Caidaao's,  puhliahod  in  ''Da  SobliUiala**  (oop- 
laspondiag  to  what  wonld  now  ba  oailad  Transoandantsl  Philosophy), 
waidd  lead  as  to  expect,  in  the  cfaepter  on  minenls»  amy  far-fetched  theo- 
ries diaracteristic  of  that  age;  but,  when  treating  of  petrified  shells,  he  de- 
cided that  they  clearly  indicated  the  former  sojourn  of  tlie  aea  upon  the 
iijium  tains. t 

Cc^cujjiiiu — JIuJolii  1597.— Cesalpino,  a  celebrated  bouinist,  conceired 
that  fossil  shells  had  been  left  on  the  land  by  the  reunng  sea,  and  had 
concreted  into  stone  during  the  consolidation  of  the  soil;|  and  in  the  fol- 
bwing  year  (1597),  8imeone  Majoli§  went  mil  farlherj  and,  coineicljng 
for  the  most  pnrt  with  the  views  of  Cesalpino,  sn^rgested  that  ihe  shells 
sod  submarine  matter  of  the  Veronese,  and  other  disiricts,  might  have  been 
cast  up  upon  the  land  by  Tolcanic  explosions,  like  those  which  gave  riae^ 
io  1538,  lo  Monte  Nuovo,  near  Fuzzuoli.  This  hint  seems  to  have  been 
Ihe  first  imperfect  attempi  lo  eenneol  Ihe  poaitinn  of  fossil  shells  with  the 
■geocy  of  volcanos,  a  system  afterwarda  mofo  fnUy  developed  by  Hoohsb 
iaaaaiD  Moroi  Qai^*  and  other  wiitanu 

Two  yearn  aftarwaida.  Inpeiali  advoeeled  the  animal  origin  of  foaail- 
iiod  dieBe»  yel  adanttad  that  aloaaa  ooold  vegelala  by  ftwoa  of aa  iaiai<- 

*  He  Feaifib.  pp.  109  and  196. 

t  Biosehi,Con*  fioss.  Bnbif.  Diss,  sni  Progrean.  toI.  i.  p.  07. 
IDeMslalBsis.  f  INss  Gnieolaisfl. 
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BbI  imneiple     and,  as  evidence  of  t]iii«  he  nfemd  to  Ihe  taeth  of 
ftnd  5;  pines  of  echini  found  petrified.* 

/Viljstyv  i680.-^P«lis67,  a  Freneh  writer  on  ««The  Origin  of  Springs 
fiiMi  Rtin-wmter/'  udof  other  seienlifte  workSf  undertook,  in  1580,  to 
eombal  nolioiii  of  many  of  hit  eoateaiportriei  in  htky^  tbtl  ptfUdAad 
•heflt  hid  all  bemi  deporiled  bj  the  uufonal  Magb*  He  wm  Ike 
fiiet,*'  nid  Fonfeneltet  when,  in  the  Fmeh  Aeidemj,  he  pMNMoaced 
his  eidogy,  nmAj  a  eentnfy  and  a  half  later,  *•  who  dared  to  aaaert,*'  m 
Fuia,  thai  fbaiiliemahiiof  teitaeeaand  firii  had  miee  belonged  to  mafte 
animals. 

Falfh  Cohnna. — ^To  ennmefale  the  nnillitade  of  Itdian  wiHen,  who 

advanced  various  hypotheses,  all  equally  fiuitaetieal,  in  the  eariy  part  of 

the  seventeenth  century,  would  be  unprofitably  tedious ;  bnt  Fabio  Co- 
lonna  deserves  to  bp  distinguished  ;  for,  nUhough  he  gave  way  lo  the 
dogma,  that  all  fo&fiil  remains  were  to  be  referred  to  ihc  Noachian  delu^, 
he  resisted  the  absurd  theory  of  Stelluii,  wfio  laughl  thai  fossil  wood  and 
nminonites  were  mere  day,  altered  into  such  forms  by  sulphureous  waters 
and  sjubierraiiean  heat;  and  he  pomted  out  the  difFererit  states  of  shells 
buried  in  the  strntn,  distinguishing  between,  first,  the  mere  mould  or 
impression;  secondly,  the  cae>t  or  nucleus;  and,  thirdly,  the  remains  of 
the  shell  itself.  He  had^also  the  merit  of  being  the  first  to  point  out, 
thai  some  of  the  fossils  had  belonged  to  marine,  and  aome  to  teneitrial, 
testaeem.t 

Siena,  IMO^Bnt  the  meet  remarkable  wofk  of  that  period  was  pnb* 
IMied  bf  Steno,  a  Dane,  onee  profoaaor  of  anatomy  al  Padoa,  and  who 
albrwavde  resided  many  jrean  at  the  eonri  of  the  Grand  Doke  of  Ttaa* 
cany.  His  treatise  beats  the  qoami  tide  of  ••De  SoUdo  intra  Solidnm 
nataraltier  eoniento  which  the  anifaor  intended  to  ezpreas, 

••On'  Gome,  Oiyitale,  and  organie  petrifketione  indeeed  withm  eefid 
Roche."  This  work  atteets  the  priority  of  the  Italian  eehool  in  geologi- 
cal reeeareh ;  ezemplying  st  the  same  time  the  powerful  obelades  oppoeed, 
ui  dial  age,  to  the  general  reception  of  enlarged  riewe  hi  the  science. 
It  was  still  a  lirourite  dogma,  that  the  fossil  remains  of  shells  and 
marine  creatures  were  not  of  animal  origin ;  an  opinion  adhered  to  by 
many  from  their  extreme  reluctance  to  believe,  that  the  earth  could  have 
been  inhabited  by  living  beings  before  a  great  part  of  the  existing  moun- 
tains were  formed.  In  reference  to  this  controversy,  Steno  had  dissected 
a  shark  recently  taken  from  the  Mediterranean,  and  had  demonsstraied 
that  its  teeth  and  bones  were  identical  with  many  fossils  found  in  Tu?- 
caoy.  He  hnd  also  compared  the  shells  discovered  in  the  Itnlinn  strata 
with  liying  species,  pomted  out  their  resemblance,  and  traced  the  various 

*  Stotis  Natarale. 
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gttditloiit  IfM  •Miff  mepaly  ffilffinad*  or  whioli  had  only  lost  their 
*iiiiiiai  giutffiiv  to  thaw  petrif»ctioBt  Ui  which  there  wza  a  perfect  subati- 
tution  of  stony  matter,  in  his  division  of  mineral  masses,  ho  insisted  on 
the  secoiidaiy  origin  <jl  those  deposits  lu  which  the  bpoiis  ol  animalit 
or  fragments  of  older  rocks  wert?  inclosed.  He  distinguished  between 
inaniie  foroiatioos  and  lliose  of  a  iluviatile  character^  the  last  containing 
reeds,  grasses,  or  the  tninks  and  branches  of  trees,  lie  argued  iu  faivour 
of  the  oriofinal  horizoutality  of  sLiJimentarv  cl(  jxisite,  allributingr  tlieir 
presoul  incluied  and  vertical  posiiiou  sometimes  to  the  escape  ol  subterra- 
nean vapours,  heaving  the  crust  of  the  earlli  from  below  upwards,  axui 
sometimes  to  the  failing  in  of  masses  over-lying  subteinmoM  eaviUef. 

He  declared  that  he  had  obtained  proof  that  Tuscany  mu^  ffiiCGOtsively 
hafO  acquired  six  distinct  configurations,  having  been  twice  covered  by 
Water,  twice  laid  dry  with  a  lovol*  and  twice  widi  an  irreguhur  and  uneven 
oaffaoo.*   He  daaplayed  great  anxiety  to  feconeile  his  new  Tiowa  with 
teipUuOf  for  which  pnipoao  ho  pointed  to  certain  rocks  aa  hnnng  been 
iofttod  before  the  oziitence  of  animala  and  plante;  eelecting  nnfortn* 
aately  aa  examplee,  certain  fonnationa  of  linMctone  and  aandatone  in  hif 
omm  toaaXtJf  ^pw  known  to  eontain,  though  sparingly,  the  reaaina  of 
animals  and  plantar-^trctn  which  do  not  even  radL  aa  the  oldest  part  of 
o«r  aeeondary  series.  Steno  suggested  thst  Moses,  when  epeaking  of  the 
loftiest  mountains  as  haviag  been  eoTcred  by  the  deluge,  meant  merely 
the  loftiest  of  the  hills  then  existing,  which  may  not  have  been  very  high. 
The  diluvian  waicrij,  he  supposed,  may  have  issued  from  the  interior  of 
the  earth  iiuo  which  they  had  retired,  when  in  the  beginning  the  land 
had  separated  from  the  sea.    These,  and  other  hypotheses  on  the  same 
subject,  are  not  calculated  to  enhance  the  value  of  the  treatise,  an.d  could 
scarcely  fnil  to  detract  from  the  authority  of  tha^P  opinions  which  were 
sound  and  legitimate  deductions  from  fact  and  observation.    They  have 
served,  nevertheless,  as  the  germs  of  many  popuhur  theories  of  later  times, 
and  in  an  expended  form  have  been  put  forth  as  original  inventions  by 
some  of  our  contemporaries, 

ScUia,  1670.— Scilla,  a  Sicilian  painter*  published,  in  1070,  a  treatise, 
in  IiMint  on  the  fossils  of  Calabria,  Uluatrated  by  good  engravings.  This 
werk  proves  the  continued  ascendancy  of  dogmas  often  refuted;  for  we 
find  the  wit  and  eloquence  of  the  author  chiefly  directed  ^inst  the  obsti- 
nate inevsdolity  of  natnralists  as  to  the  organic  nature  of  fossil  ahells.t 

*  Bex  itaqne  dittinetsa  Etrana  fades  agnoseuniis,  doia  bis  flaida,  bis  pbma,  at 

sicca,  bis  aspera  fuerit,  Ac. 

t  Scilla  quotes  Uie  remark  of  Cicero  on  tho  ptnry  that  a  stone  in  Chios  had  been 
clefl  opon,and  presented  the  liead  of  Pani-^ru^  in  rclu  t': — «<  I  l)olicve,"  said  the  ora- 
tor, *•  that  the  figure  bof  ?nme  ret«eniLiiance  to  ii^aniscus,  but  not  such  that  you 
would  have  deeaied  it  sculptured  by  Scopas ;  for  chance  never  per£iclly  imitates 
thetrnth." 

Vol.  I^F 
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Like  many  •mment  natonluta  of  hii  dty,  SeiUa  gafie  waj  to  Ibo  popalar 

persaasion,  that  all  fossil  shells  were  the  efieets  and  prooff  of  tbo  Mooaie 

deluge.  It  may  be  doubted  wlieiher  he  was  perfectly  sincere,  and  somo 
of  his  contemporaries  who  look  tiu-  same  course  were  certainly  not  so. 
But  so  eager  were  ihey  to  root  out  wliat  they  justly  considered  an  absurd 
prejudice  respecting  the  nature  ol  organized  fossils,  that  they  seem  to 
have  been  ready  to  make  any  concessions,  in  order  to  esiablisli  this  pre- 
liminary point.  Such  a  compromising  policy  was  short-sighted,  since 
it  was  to  little  purpose  that  the  nature  of  the  documents  should  nl  Ipnt^lh 
bo  correctly  understood*  if  men  were  to  be  prevented  from  deducing  fair 
conclusions  from  thorn. 

JDUunal  7%eofy.-^The  tlieologiana  who  now  entered  ihe  field  in  Italy* 
Gormanyi  France,  and  England^  were  innumerable ;  and  heneeferward, 
they  who  refoaed  to  subscribe  to  the  poiitiooi  that  all  marine  organie 
fematna  were  proofs  of  the  Moaaio  delnge,  were  exposed  to  the  Iropntap 
tion  of  diabelieying  the  whole  of  the  taered  writlnga.  Scarcely  any  etep 
had  been  made  in  approximating  to  aonnd  theoriee  since  the  time  of  Fof 
eaatoro,  mora  than  a  hundred  years  having  been  lost  in  writing  down  the 
dogma  that  oiganised  fossils  were  mere  sports  of  nature.  An  additional 
period  of  a  centnry  and  a  half  was  now  destined  to  be  consumed  In 
exploding  the  hypothesis,  that  organized  fossils  had  all  been  buried  in  tho 
solid  strata  by  the  Noachian  flood.  Never  did  a  theoretic^  fallacy,  in  any 
branch  of  science,  iiUerfere  more  senou&ly  wiih  accurate  observation  and 
the  systemaiic  classification  of  facts.  In  recent  linus,  we  may  atinhme 
our  rajiid  progress  chiefly  to  the  careful  determination  of  the  order  of 
succession  in  mineral  masses,  by  means  of  their  difl'erent  organic  con- 
tents, and  their  regular  superposition.  i3ut  the  old  diUivialists  were 
induced  by  tlic-ir  system  to  confound  all  the  groups  of  ?trntn  tocrether, 
instead  of  discriminating, — to  refer  all  appearances  to  one  cause  and  to 
one  brief  period,  not  to  a  variety  of  causes  acting  throughout  a  long  suc- 
cession of  epochs.  They  saw  the  phenomena  only  as  they  desired  to 
see  them,  aometimea  miarepresenting  facts,  and  at  other  times  deducing 
false  condusiona  from  correct  dntn.  Under  the  iiiflnenee  of  aoeh  preju« 
dioea,  three  eeniuriea  were  of  as  little  avail  aa  a  few  yeara  in  our  own 
times,  when  we  are  no  longer  required  to  propel  the  vessel  against  the 
force  of  an  adverse  cnrrenL 

It  may  be  well,  therefore,  to  forewarn  the  reader,  that  in  treeing  the 
hiatory  of  geology  from  Ihe  close  of  the  seventeenth  to  tlie  end  of  the 
eighteenth  century,  he  must  expect  to  be  occupied  with  accounts  of  the 
retardation,  aa  well  a^  of  the  advance  of  the  acience.  It  will  be  neceaaary 
to  point  out  the  frequent  revival  of  exploded  errors,  and  the  relapse  from 
aoond  to  Ihe  noat  absurd  opinions ;  and  to  dwell  on  futile  reasoning  and 
visionary  hypothesis,  because  some  of  the  most  extravagant  systems  were 
invented  or  controverted  by  men  of  acknowledged  talent.    In  short,  a 


Digitized  by  Google 


48 


sketch  of  the  progress  of  geoloiR[y  is  the  history  of  a  constant  and  violent 
struggle  between  new  opinions  and  uncienl  doclnnes,  saaclioued  by  ihe 
implicit  faith  ot  many  geueralioiis,  aiul  supjiosed  Lo  rest  on  scriptural 
authoruy.  The  inquir)',  therefore,  aUhuvigh  higiily  interesting  lo  one 
w  ho  siudies  the  philos^ophy  of  the  human  lumd,  is  too  often  barren  of 
insiruc  tion  to  him  who  searches  for  triiihs  in  physical  science. 

^uirini,  1676. — Quirini,  in  107G,'  contended,  in  opposition  to  S(^illa, 
that  the  ililuvhan  waters  could  not  have  conveyed  heavy  bodies  to  the  * 
summit  of  mountaios,  since  the  agitation  of  the  aea  never  (as  Boyle  had 
demoiistimted)  extended  to  great  depths  ;t  and  slill  less  could  the  testacea, 
as  some  pretended,  have  lived  in  these  dilaviaii  waters;  for     the  dura- 
tion of  the  Hood  was  brief,  and  ihe  luavy  rains  muti  Aooe  duiroyed  the 
9altne$§  of  ih€  teaV*    He  was  the  first  writer  who  Yenlured  to  maintain 
that  Ihe  vai? eraality  of  the  Noaehian  eaiadysm  ought  not  to  be  inaisled 
upon*  Am  lo  the  nature  of  petrified  ihelb,  he  coneei? ed  that  ae  earUiy 
partklee  nailed  in  the  een  lo  form  the  ahells  of  noUuica,  the  lame  crya- 
talliiinf  proeeei  might  be  effeeled  on  the  land ;  and  thai*  in  Ihe  laller 
caM«  the  germs  of  the  animals  might  have  been  disseminated  through  Ihe 
snbelnnoe  of  the  locks,  and  allerwards  developed  by  virtue  of  humidity* 
Vieionary  as  was  this  doeiriue,  it  gained  many  proeelytes  even  amonget 
'  the  more  sober  reasonen  of  Italy  and  Germany ;  for  it  conceded  that  Ihe 
position  of  fossil  bodies  could  not  be  accounted  for  by  the  diluvial  tlieory. 

Plot — Lisieft  1678. —  In  ihu  meantime,  llie  doclnnc  lliat  fossil  sheils 
had  never  belonged  to  real  animals,  maintained  its  ground  ui  Engliiad, 
where  the  agitation  of  the  question  began  at  a  niuch  hler  period.  Dr.  Plot, 
in  his  **  Natural  History  of  Oxfordshire''  (1677),  attributed  to  a  •*  plastic 
virtue  latent  in  the  earth"  llic  origin  of  fossil  shells  and  fishes;  and 
Lister,  lo  hi?  accurate  account  of  Hrili^lt  shells,  in  1078,  added  the  fossil 
species,  under  the  appellation  of  turbinated  and  bivalve  stones.  Either,** 
said  he»  these  were  terriginous,  or,  if  otherwise,  the  animals  they  so 
ezacfly  represent  have  btemne  extinct,^  This  writer  appeara  to  have 
been  the  first  who  was  aware  of  the  continuity  over  large  districts  of  the 
piincipal  gvoops  of  sirata  in  Ihe  British  seriee«  end  who  piopoiod  Ihe 
eonstrnetiott  of  vegdar  geological  nisps4 

•  De  Teslacch  fa-^silibns  Mua.  Septnliani. 

t  The  opinions  of  Bojlc,  alluded  to  by  Quirini,  were  publislieda  tew  years  before, 
in  a  short  article  entitled  "On  the  Bottom  of  the  Sea.  "  From  observations  col- 
leeted  ftion  the  difeis  «f  the  pearl  fishery,  Boyle  inftned  that,  when  the  waves  were 
six  er  Mvea  feet  high  above  the  snrfaee  of  the  water,  there  were  no  eigne  of  egita- 
lioB  at  the  depth  of  fifteen  fathoms ;  and  that  even  daring  heavy  gales  of  wind, 
the  SMition  of  the  water  waseaeeedingly  diminished  at  the  depth  of  twelve  or  fifteen 
feet.  Tie  had  also  leanit  from  some  of  his  informants,  that  there  were  currents  run- 
ning in  opposite  directions  at  difierent  depths. — Boyle's  Workf,  vol.  iii.  p.  110.  Lon. 
don, 1744. 

;  See  Mr.  Conybeare's  ezcelkot  Introdaction  to  the  "  Outlines  of  the  Otoiogf  of 
£agUad  aad  Wake,"  p.  IS. 
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Leifmitz,  1680.— The  gfioat  m«UiMi«lie&iii  IjeiMtt  fabUflbed  hi* 

«*Prolog«Ba"  in  1680.  He  imagined  ihis  planet  to  hare  b«tii  originall^ra 
burning  luminous  mass,  wlach  ever  since  ius  creation  has  been  undergoing* 
relrigeralion.  When  the  outer  crufit  had  cooled  down  sufficiently  to  allow 
the  vnpours  to  be  condensed,  they  fell,  and  formed  a  universal  ocean, 
covering  the  loftusi  mountains,  and  inveptin^z;  the  wholr  i?lobe.  The 
crust,  as  it  ronsoluiaied  from  a  stale  of  fusion,  ;issuiiicd  a  vesicular  and 
oivernous  structure;  and  being  rent  in  some  places,  allowed  the  wafer  to 
rush  into  the  subterranean  hollows,  whereby  the  level  of  the  primeval 
ocean  was  lowered.  The  breaking  in  of  these  vast  caverns  is  supposed 
to  have  given  rise  to  the  dislocated  and  denmged  poeitioo  of  the  strata 
**  which  Steoo  had  described,*'  and  the  tame  diiroplione  eommanicated 
Tiolent  movementa  to  the  incumbent  waters,  whence  great  inundations 
enened.  The  waieia,  after  they  had  been  thna  agitated,  deposited  their 
aedimeDiaiy  matter  dnriBg  Inlenrala  of  quieaeenee,  and  henee  ibe  various 
atony  and  earthy  strata.  **  We  may  yeoogniae,  theiefore,'*  eaya  LeibDttSt 
a  double  origin  of  primitive  masaea,  the  one  by  refrigeration  from  igneotw 
fnaion*  the  other  by  ooneietion  from  aqneona  aolntlon,"*  By  the  vepe- 
tttion  of  similar  eansea  (the  diamption  of  the  crwt  and  eenaeqnent  flooda), 
alternations  of  new  atrata  were  prodneedt  nntil  at  length  these  eanaee 
were  reduced  to  a  condition  of  quiespent  equilibrium*  and  «  more  perm** 
nent  atato  of  things  waa  establiahed.t 

Hooke,  1688. — The  "Posthumous  Works  of  Robert  Hooke,  M.D.,'* 
well  known  as  a  great  Uiatheiiialiciaii  and  n:iuirul  philosopher,  appeared 
in  17U5,  containing  '*A  Discourse  of  Earthquakes,"  which,  we  are 
informed  by  hia  editor,  was  written  in  1068,  but  revised  at  subsequent 
periods.:  Hook  frequently  refers  to  {he  best  Italian  and  English  authors 
who  wrote  before  his  tinio  on  fjealogical  subjects;  hut  iliero  are  no  pas- 
sages in  hia  works  implying  that  he  participated  in  the  enlarged  views  of 
Stcno  and  leister,  or  of  his  contemporary,  Woodward,  in  regard  to  the 
geographical  extent  of  certain  groups  of  strata.  His  treatise,  however,  is 
the  most  philosophical  production  of  that  age,  in  regard  to  the  cavaea  of 
former  changes  in  the  organic  and  inoiganic  kingdoms  of  natore. 

**  However  trivial  a  thing,"  he  eaya,  a  rotten  shell  may  appear  to 
aomct  yet  these  monnmenta  of  nature  are  more  certain  tokens  of  antiquity 

•  Unde  jain  duplex  origo  intelligilur  prmiorura  corponim,  una,  cum  ab  ignis 
fusione  refVigesceront,  altera,  cum  reconcrescerent  ex  solaUone  aquartim. 

f  Redevnte  mox  tiaaSk  eansa  strata  snbiii^  alia  aliii  ImponeteiitBr,  et  fteies  teneri 
•dbuo  orbis  •»pina  novata  est.  Donee  qoieseentiltas  eaasb,  atqoe  Kqoifibnitis, 
consittentior  emergeret  ttran  slatas.— For  an  able  aaalyab  of  tlie  views  of  Leibnits, 
in  his  Protogcca.  see  Mr.  Gooybeare*s  Report  to  the  Brit.  Assoc.  on  the  Progress  of 
Geological  Science,  1832. 

*  Between  the  yenr  ir»88  nnd  hi^  death,  in  1703,  he  Tf  nd  Fevera!  memoirs  to  the 
Rnyal  Society,  and  dt-livi-rtd  leclux«s  on  various  8abjectB|  relating  to  fossil  remains 
and  the  effects  of  earthquakes. 
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An  coins  or  meiUs^mo*  tiw  best  of  ihM  mj  be  ooiiBinleited  or 
Vide  by  art  wad  m  mmy  also  books,  manuseripts,  and  inMffi|rtioin» 

IS  all  the  leifidl  m  now  suffiwbutfy  ntiified  has  often  hM  Mtondlj 
pmlindt*^  ««aBd  iheogb  it  matt  be  gmted  that  it  is  very  MiiuU 
i»  nei  iIm  (tiie  iMtii  eC  altera)  wbA  I»  nrfse  a  tknmlogf  mti  tf 
Ifttw,  lad  teetale  iIm  imemli  of  ihe  ijaw  whMlii  eoeli  or  Mefa  catMlii»» 
pbee  mA  ■ontiom  heto  bippwd,  yet  it  it  aol  ivponiUe."* 

gmpioriog  teoitiafliMn of  iyiaiait  Hook  ewe  tint  tlie Ml 
■■MDeailm.  MMiliti  nd  namr  ollior  eUle  lad  loMil  tkrietwii  kmiA  m 
England,  were  of  diArmt  epeaiai  Ikom  ny  tlMi  kaown ;  bot  hedonbied 
wkiAer  Ae  epeeief  kid  beeoM  estiMt»  obserring  that  4m  kaowledge  of 
oatoralists  of  all  the  naikie  epeeies,  especially  thoee  hihabitiRg  ^  deep 
sea,  was  very  deficient.  In  some  parts  of  his  writings,  however,  he 
leans  to  ilic  opinion  that  species  had  been  lost ;  and  in  speculaling  on 
this  subject,  he  even  suggests  that  there  might  be  some  connection 
btiwepn  the  disappearance  of  cerlain  kif>ds  of  animals  and  plants,  and 
the  changes  wrought  by  earthqCcikes  in  lormcr  rinses.  Some  specieg,  he 
o!  serves  with  great  sagacity,  arc  ''peculiar  to  err  lain  places^  and  not  to 
be  IouikI  clsrwhere.  If,  then,  such  u  jilace  iiad  been  swallowed  np.  it  is 
not  improbable  but  that  those  animate  beings  may  have  been  destroyed 
with  it;  end  this  may  be  true  both  of  aerial  and  aquatic  animals:  for 
Ikoee  aauttated  bodies,  whether  vegetables  or  animals,  which  were 
■atttFaDy  nonri^^hed  or  refreshed  by  the  air,  wookl  be  daetfoyed  by  the 
water,"  dfie.t  Tattles,  he  adds,  and  such  targe^anfliooHai  at  are  found  in 
Aarfhad,  aeeai  le  kare  been  the  productions  of  kotter  conntiiee }  and  it  ia 
weaoivy  to  aoppoae  that  Bnifitmd  once  lay  mder  ike  sea  within  the 
tanid  aoaal  To explaki  diie  and  efaoikMr  pkeooaMoa,  ke  imkOgea  in  o 
wiety  of  qMOOIaiioiie  eotteoraing  okaoget  ki  tko  poaitkn  of  tke  azia  of 
tta  oai<k*a  letadop,  •'aaktftkig  of  ika  oortk'a  oaatra  of  gtarhy,  aaali^gone 
la  Ike  lofolotiona  of  tke  aMgwalin  |ielo,**  Sso.  MoneoftkeaeooojeeinNa, 
kofwear*  are  propooad  degMadiiliy,  kit  mlker  ki  tko  ko^  of  ptommiug 
tok  oMiidBiaa  aad  oiperkoeata. 

Ib  oppoaitioo  to  tke  prejodieaa  of  kta  ago,  wo  dad  kka  arguing  agafaiai 
tke  idea  that  nature  had  formed  fossil  bodies  "  for  ao  other  end  than  to 
play  the  mimic  in  the  mineral  kingdom;** — maintaining  that  figured 
stones  were  "  really  the  several  bodies  they  represent,  or  ihe  iiiouldings 
of  them  petrified,"  and  '*  not  as  some  have  imagined,  *  a  lusus  nalurse/ 
aporiujig  herself  in  the  needless  iormauou  of 'Useless  beings."^ 

•  Forth.  Works,  Lecture,  Feb.  29. 1688. 
i  Tmth.  Work*,  p.  327. 

t  talk.  WmkB,  U&IWt  V»,  \$B8,  Bssfce  eafbkwi,  wkk  eoasMsfM 
di— lai,  tke^Mfctst  aisJss  wimeki  etgoia  sehstaaets  laay  fcteaas  Ispldiisd; 

aiaoag  other  fflastnlMMis,  ka  aMBidaas  sobm  sBeified  pal  1 1 1  w  nod  brought  froot 
AUea,  <■  wkMi  M.  4a  la  Hke  had  iMd  a  sMSMk  tadia  JMM  i^Mdtny  «f  Fsnae 
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40  HOOK£  ON  £AilTHQUAK£8.  IJBnk  1. 

It  wi«  objected  to  Ilctoke,  that  his  doctrine  of  the  extinction  of  species 
derogated  Irom  ihe  wisdom  and  power  of  tlie  Omnipotent  Creator;  but  he 
•Qswered,  that,  as  individaal«  die»  there  may  be  some  termination  to  the 
duration  of  sprries ;  and  hii  opinioiw,  be  dedired,  wen  not  repugnant  to 
Holy  Writ:  for  the  Scriptures  taoght  that  oar  aytleiii  was  degeneralinf, 
and  tendin^to  its  final  dissolution ;  **  and  as,  whw  that  ahall  happen,  all 
the  apeeies  will  be  loati  why  not  eome  at  one  time  and  acme  at  another  ?"* 

But  hia  principal  object  wia  to  account  for  the  manner  in  which  shells 
had  been  conveyed  into  the  higher  parts  of  the  Alps*  Apennines^  and 
Pyrenean  hills,  and  the  inlerior  of  continents  in  generil."  These  and 
other  appearances,  he  said,  might  have  been  brought  about  by  earth* 
quakes,  which  have  turned  plaina  into  mountains,  and  mountains  into 
plains,  seas  into  land,  and  land  into  aeas,  made  rivers  where  there  were 
none  before,  and  swsllowed  up  others  that  formerly  wets,  Ac.  iu* ;  and 
which,  since  the  creation  of  the  world,  have  brought  many  great  changes 
on  the  superficial  parts  of  the  earth,  and  have  been  the  instruments 
of  placinsf  shells,  bones,  plants,  fishes,  and  the  like,  in  those  places 
where,  vviili  iuuch  asiuiushraent,  we  lind  Lhem.'*t  This  doctrine,  it  is 
true,  had  been  laid  down  in  terms  almost  equally  explicit  by  Sirai^o,  lo 
explain  the  occurrence  of  fossil  shells  in  ilic  interior  of  continents,  aiul  to 
that  geographer,  and  other  writers  of  nniitjuiiy,  Hooke  frequently  refers; 
but  the  revival  and  developnieut  oi  the  system  was  an  important  slsp  in 
the  progresis  of  modern  science. 

Hooke  enumerated  all  the  examples  known  to  him  of  subterranean  dis- 
turbance, from  *'  the  sad  cat:istrophe  of  Sodom  and  Gomorrah"  dowti  to 
the  Chilian  earthquake  of  1646.  The  elevating  of  the  bottom  of  the  sea, 
the  sinking  and  submersion  of  the  land,  and  most  of  the  inequalities  of 
the  earth's  surface,  might,  he  aatd,  be  accounted  for  by  the  ageney  of 
these  subterranean  causes.  He  mentions  that  the  ooaat  near  Naples  wtu 
raised  duritig  the  eruption  if  Monte  NwvQ  §  and  that,  in  1691,  land 
rose  in  the  island  of  St.  Michsel,  during  an  eruption ;  and  although  it 
would  be  mors  difficult,  he  saya,  to  prove,  he  does  not  doubt  but  thai 
there  had  been  as  many  earthquakes  in  the  parts  of  the  earth  under  the 
ocean,  as  in  the  parts  of  the  dry  land ;  in  confirmation  of  which,  he  men- 

(June,  1692),  wheieln  he  had  pointed  out,  not  only  the  tabes  fnnaiiig  the  length  of 
the  trunk,  but  thn  rnot^  at  one  extremity.  De  la  Hire,  says  Hooke,  also  treated  of 
certain  trees  found  petrified  in  the  riv^^r  that  pr\«?«K»s  hy  Bakan,  in  the  kingdom  of 
jjra,  and  which  has  for  the  spacf  <>t  ten  ieagucs  ihr  virlm  of  pftrifvinij  wood."  It 
itt  an  interesting  fact,  that  the  aiiicified  wood  of  the  Irawadi  should  have  attracted 
fttteation  more  than  one  hundred  years  ago.  RemirkaMe  diseovwiet  haw  been 
feeently  made  there  ef  fossil  animals  and  vegetibles,  by  Mr.  CiawfiiTd  SDd  Dr. 
WftlUch.— See  Oeol.  Trans.  v«L  ii.  pert  lii.  p.  337,  second  series.  0e  U  Hive  cites 
Father  Duofaets,  ia  the  seeond  vdame  of  "  Obeervetioos  nade  in  the  ladies  by  the 
Jesuits." 

*  Poeth  Works,  Lecture,  May  29, 1689.  t  Ibid.  p.  m 
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tkm  tin  immrnsuTable  depth  of  the  mb  netr  iome  Tolcanos.  To  atteit 
llie  extent  of  simultaneous  subtemnatii  oioTeineiilf«  he  refers  to  en  earth- 
qneke  in  the  Weet  Indies,  in  the  year  1690t  where  the  epaee  of  earth 
nieedv  or  etmek  opwerdif"  by  the  ehoek,  exeeeded*  he  ■ffims,  the 
longth  of  the  Alpe  end  the  Pyreneee. 

Book^t  dUuvuitkmry  '^A*  Hoohe  dedared  the  faYonrite  hypothetts 
of  the  day,  «*that  marine  foeeil  bodies  were  to  be  lefened  to  Noah's 
flood,**  to  be  whollj  antenablOt  he  appears  to  hm? e  felt  hioDself  called 
wpon  to  sobetttute  a  dtlnvial  theory  of  his  own,  and  thus  he  became 
involTed  in  conntlees  difllenlties  and  eonthMlietions.  Darinf  the  greet 
eataecrophey"  he  said,  there  might  have  been  a  dianging  of  that  part 
which  was  before  dry  land  into  sea  by  sinking*  and  of  that  which  was 
sea  into  dry  land  by  raising,  and  marine  bodies  might  have  been  buried  in 
sediment  beneath  the  ocean,  in  the  interval  between  the  creation  and  the 
deluge."*  Then  follows  a  disquisition  on  the  separaUon  of  ihe  l.md 
from  the  waiers,  mentioned  in  Genesis  :  during  which  operation  some 
placeB  of  the  shell  of  the  earth  were  forced  oiilwaids,  and  others  pressed 
downwTirdf?  or  inwards,  Slc.  His  diluvial  hypoiliesis  very  mucfi  resem- 
bled tiial  of  Sleuo,  and  wns  entirely  opposed  to  thf  fundnincntnl  jirinciplea 
professed  by  him,  that  lie  would  explain  the  former  changes  of  the  eartli 
in  a  more  naiural  manner  than  others  had  done.  When,  in  despite  of 
this  declaration,  he  required  a  former  **  crisis  of  nature,*'  and  taught  that 
earthquakes  had  become  debilitated,  and  that  the  Alps,  Andes,  and  other 
diains,  had  been  lifted  op  in  a  few  months,  he  was  compelled  to  assume 
so  vapid  a  rale  of  change,  that  his  machinery  appeared  scarcely  less 
eitravaganC  than  that  of  his  most  fancifol  predecessors.  For  this  reason, 
perhaps,  his  whole  theory  of  earthquakes  met  with  nndeserred  neglect. 

i?a^,  IMKk^-One  of  his  eontenporaries,  the  celebrated  naturalist.  Say, 
panioipated  in  the  same  desire  to  explain  geological  phenomena,  by  lefe- 
lenco  to  causes  less  hypotheiieal  than  thoee  usually  resorted  lo.t  In  his 
essay  on  Chaos  and  Cieation,'*  lie  proposed  a  system,  agreeing  in  its 
oodine,  and  in  many  of  its  details,  with  lhat  of  Hooke;  but  his  know<* 
ledge  of  natural  history  enabled  him  to  elucidate  the  eubjeet  with  ?arioos 
original  observations.  Earthquakes,  he  suggested,  might  have  been  the 
second  causes  employed  at  the  creation,  in  separating  the  land  from  the 
walefi^,  and  m  fralhering  the  waters  together  into  one  place,  lie  men* 
.  tions,  like  Houkc,  the  earthquake  of  104G,  which  had  \  lolenlly  shaken 
the  Andes  for  same  hundreds  of  leagues,  and  made  many  allerations 
therein.  In  assigning  a  cause  for  the  general  deluge,  he  preferred  a 
change  in  the  earth's  centre  of  gravity  to  the  introduction  of  eurih^uakes. 

•  Fostb.  Work*,  p.  410. 

f  Ray's  Phytioo*theologica]  Diseonnes  were  of  somewhat  later  data  than  Hooke*s 
great  work  on  earthqnakM.  Ho  speaks  of  Hooke  as  one  **  whom  for  his  learoiog 
and  deep  insight  into  the  mysteiies  of  nature  he  deservedly  luHUNiNd.**->-Oii  lAs 
'    Jkimg€f  ehap.  iv. 
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Some  unknown  cause,  he  said,  might  have  forced  the  subterranoiin  watem 
outwards,  as  wu8,  ptrhap«,  iadicattwl  by  ''ibfi  tiieakuig  up  of  ibe  ioua* 
taind  of  the  great  deep." 

Ray  was  one  of  the  tirst  of  our  writers  who  enlarged  upon  the  etiects 
of  ninniog  water  upon  the  land,  and  of  the  encroadmneot  of  the  sea  apM 
th«  shores.   So  important  did  he  consider  the  agency  of  theso  csnKf» 
that  he  saw  in  them  an  indication  of  the  lindoncy  of  our  ayoMi  10  tlo 
iiisl  diaiohitkii  t  and  ho  wondered  why  tho  oorlh  did  Bot  pweaad  Mitt 
vapidly  towards  a  gen^  sohmerakm  boooath  tl^  aao«  whoa  ao  ibimIi 
■iaMar  waa  earned  down  by  rifoiOv  or  nDdarwod  in  iho  aaa  rlillh  Wo 
poreaifo  daaiiy  fiooi  hb  wtitli^Fa»  that  the  giadnaldaeyna  of  (wii  ayaiaw. 
and  ita  fulm  eoDsnauiatioa  by  fiio«  woahaldtobo  aa  noaaaaary  a«  «liair 
of  lalth  by  Ike  orfndoz»  ao  waa  Hia  loaaat  origin  of  oar  planet  Hie 
diaeoiiBNa»  like  ihoao  o£  HocdLO,  on  highly  iniai«illag»  aa  aiiaaling'  Iko 
Ihniltar  aaaoeialiott  in  tho  mtnda  of  pUloaophaiB»  in  the  age  of  NowiaB* 
oT  qooaiiena  b  physiaa  and  dlvuiHy*  Ray  gaao  an  noeqilfoeal  peoof  of 
tho  aineeiHy'  of  Ida  mind*  by  aoarifiaiitg  hta  piolnMat  in'the'ehmb* 
rather  than  take  an  oath  agaimrt  the  Covenanters,  which  he  could  not 
reconcile  with  his  conscience.    His  reputation,  moreover,  iu  the  scientific 
world  placed  him  high  above  the  tcinpi  iiion  of  courting  popularity,  by 
paiideruig  to  the  physico-lheological  taste  of  ins  aae.    It  is*  therefore, 
curious  to  meet  with  so  nKiny  citations  from  the  ChriLti^n  lathers  and 
prophets  in  his  essays  on  physical  science — ^to  liiul  inni  in  one  page  pro- 
ceedmir,  by  the  strict  rules  of  induction,  to  exphiin  the  former  changes  of 
the  trlohe,  and  in  the  next  gravely  entertaiiiini;  llie  (nic.sii;)n,  whether  the 
sun  and  stars,  and  tiic  whole  he;u  ens,  shall  be  apn^hittti<»<l^  togather  with 
the  earth,  at  tiie  era  of  the  grand  coniiagration. 

Woodwari^  1666. — ^Amoag  the  contemporaricfs  of  Hooke  and  Ray, 
Woodward,  a  professor  of  medicine,  had  acquired  the  most  extensive 
information  n^pectiag  the  geological  structure  of  the  crust  of  the  earth» 
He  had  examined  many  pane  of  the  British  strata  with  minute  atteniion; 
and  his  systematic  collection  cf  specimaoa»  be<|neathed  to  the  Universl^ 
of  Cambridgn,  and  atiU  pnaarvod  thoio  as  arranged  by  him*  ahows  how 
far  he  had  adtaneed  in  aacortaining  the  order  of  anperpoaltipn.  From  the 
gieat  number,  of  faeta  coUeeiod  by  him*  wo  might  have  ozpeelad  hia  lhao* 
lolieal  fiowa  to  be  mom  aoond  and  onlaiged  than  thoao  of  hte  eontaM* 
poiarioa ;  bnt  in  hia  anxiety  to  aeeommodaia  all  obaerved  phenomena  lo 
tho  eoriptural  aeeonnt  of  the  Creation  and  Deluge,  ho  anirod  at  moat 
enonoona  reaolta.  Ho  coBooiiFed  the  whole  teneatrtd  g^obo  to  how 
been  talon  to  piaeoa  and  diaaolfod  al  tho  floods  and  tho  alrain  to  hnoo 
settled  down  from  this  promiacaoos  maaa  aa  any  earthy  aediment  from  a 
fluid."*  Ill  corroboration  of  these  views,  he  insisted  upon  the  fact,  that 
marine  bodies  are  lodged  in  tlie  strata  according  to  the  order  of  their 

*  Essay  lowords  a  Natural  ili«tory  of  the  Earth}  IGda.  Preface. 
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gravity,  the  heavier  ihelU  in  «tonc,  the  lighter  in  chalk,  and  so  of  ihe 

rest.'**  Ray  immediately  expcjscd  ilte  uulountled  nature  of  this  asserlion» 
remarking  truly,  iliai  lo^<il  bodies  *'are  olica  mingled,  heavy  with  light, 
in  ihc  same  stratum  ;"  and  lie  even  went  so  far  as  to  say,  that  Woodward 
mii'st  have  invented  the  phenomena  for  the  sake  of  conlirnnng  ius  bold 
and  stniige  by(K>iiie8i8"t — a  strong  expression  from  ihe  fen  of  a  coo* 
temporary. 

Burnet,  1690. — At  the  same  time  Burnet  published  his  *'  Theory  of  the 
Eanh."J  The  title  is  most  characteristic  of  the  age,^ — **  The  Sacred 
Theory  of  the  Earth;  containiog  an  Account  of  the  Original  of  the 
Earth,  and  of  all  the  general  CbangM  which  it  hath  already  undergone^ 
or  it  to  mideigo,  till  the  Conflmnnfttlon  of  all  Things."  Even  Milton 
iMd  •earedy  tentured  in  his  poem  to  indulge  his  imagination  so  fraely  in 
painting  aeenes  of  the  Creation  and  Deluge,  Paradiae  and  Chaof .  He 
explained  why  the  primeYat  earth  enjoyed  a  perpetual  epring  befoin  the 
flood  I  ehowed  how  the  eniat  of  the  globe  waa  fiasored  by  the  aun'e 
laya,"  eo  thai  It  bniet,  and  thoa  the  diluvial  water*  were  let  looae  from  a 
Boppoaed  central  abyae.  Not  aalisfied  with  theee  themea,  he  derived  from 
the  booke  of  the  inapired  writera,  and  even  from  heathen  aathoritieay 
prophetic  viewe  of  the  futnre  revolutionaof  the  globe,  gave  a  moat  terrifio 
deaeripttoa  of  the  genetel  conflagratioo»  and  proved  that  a  new  heaven 
and  a  new  earth  will  rise  out  of  a  utond  chaoi — after  which  will  follow 
ihe  blessed  millenninm. 

The  reader  sfiould  be  informed,  tlial,  according  to  the  opinion  of  many 
respectable  wniers  of  that  age,  there  was  good  scriptural  ground  lor  pre- 
suming iliai  ihe  garden  bestowed  upon  our  first  parents  was  uoi  on  the 
earth  itself,  but  above  ihe  clouds,  in  the  middle  ref^ion  between  our  planet 
and  the  moon.  Burnet  approaches  with  beeonnncr  gravity  the  discussion 
of  so  important  a  topic.  He  was  willing  to  concede  that  tlie  oreo^raphical 
position  of  Paradise  was  not  in  Mesopotamia,  yet  iie  maintained  that  it 
was  upon  the  earth,  and  in  the  southern  hemisphere,  near  the  equinoctial 
line.  Butler  aeiected  thia  conceit  aa  a  fair  mark  for  hia  aatire,  whenf. 
anoogat  the  nnmeiooB  aceompUahmenta  of  Ilodibraa»  he  eayar-* 

He  knew  thf  smt  r>f  Taradise, 
Could  tt'll  in  what  degree  it  lies ; 
And,  M  he  was  disposed,  could  prove  it 
Below  the  moon,  or  else  above  It. 

Tet  the  name  monaieh»  who  it  laid  never  to  have  alept  withont  Buder'e 
poem  under  hia  pillow,  waa  ao  gveat  an  admiier  and  patron  of  Bunet*i 

*  B«ay  towaids  a  Natotal  Hisioiy  ofthe  Earth,  1696.  Pieftee. 

t  GoiiMqueiices  of  the  Deluge,  p.  165. 
t  Vim  published  in  Lalitt,  between  ths  jcars  1€80  and  1690. 
Vol.  L— G 
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book,  that  he  ordered  it  to  be  translated  from  the  Latin  into  English. 
The  style  of  the  Sacretl  'J'lieory  "  was  eloquent,  and  the  book  displayed 
powen  of  invention  of  no  ordinary  stamp.  It  was,  in  fact,  a  fine  his- 
torical romance,  as  Bufibn  afterwards  declared  :  bot  it  was  treated  as  m 
work  of  profoaad  science  in  the  time  of  its  author,  and  was  panegyrized 
by  Addison  in  a  Latin  ode«  while  Steele  praised  it  in  the  ** Spcelator*" 
Towards  the  end  of  the  last  century,  Warton,  in  his  **£8aay  on  Pope,** 
diaeoTered  that  Bamet  imiled  the  faeally  of  judgwteni  with  poweis  of 
imagination. 

fP%iatonf  1096.— Another  piodoetion  of  the  aanis  aehool,  and  equally 
eharacleriatie  of  the  time*  was  that  of  Whiaton,  entided,  **A.  New 
Theory  of  the  Earth ;  wherein  the  Crwiion  of  the  World  in  Six  Days, 
the  Untveraal  Deloge,  and  the  General  Conflagration,  as  laid  down  in  tlio 
Holy  Scripturea,  are  ahown  to  be  perfectly  agreeable  to  Revon  and  Phi- 
losophy." He  was  at  first  a  follower  of  Bnmet;  but  his  faith  in  the 
infallibility  of  that  writer  waa  ahaken  by  the  declared  opinion  of  Newton, 
that  there  was  every  presumption  in  astronomy  against  any  former 
change  in  the  inclination  of  the  earth's  axis.  This  was  a  leading  dogma 
in  I'umet's  system,  though  not  original,  for  it  was  borrowed  Iroiii  an 
Italian,  Alessatidro  liegli  Alessandri,  who  had  suggested  it  in  the  begin- 
ning of  the  fifleenlh  century,  to  account  for  llie  former  occupalioa  of  the 
present  t'oniinents  by  the  sea.  La  Place  has  since  strengthened  the  argu- 
ments ol  Newtoot  agaioBt  the  probability  of  any  former  revolution  of  iliis 
kind. 

The  remarkable  comet  of  1680  was  fresh  in  the  memory  of  every  one 
when  Whiston  first  began  his  coamological  studies,  and  the  principal 
novelty  of  his  speculations  consisted  in  attributing  the  deluge  to  the  near 
approach  to  the  earth  of  one  of  theae  erratic  bodiea.  Having  ascribed  an 
inereaae  of  the  watera  to  thia  aoaree,  he  adopted  Woodward's  tlieory, 
anpposing  all  stratified  depoaita  to  have  resulted  from  the  *«ehaotic  aedi- 
ment  of  the  flood."  Whiaton  waa  one  of  the  flrat  who  ventured  to  pro- 
pose that  the  text  of  Gleneaia  ahoold  be  interpreted  diflbrently  Arom  ite 
ordinary  aeeeptation,  ao  that  the  doctrine  of  the  earth  having  existed 
long  previona  to  the  creation  of  man  might  no  longer  be  regarded  as 
unorthodox.  He  had  the  art  to  throw  an  air  of  plausibility  over  the  most 
improbable  parte  of  his  theory,  and  aeemed  to  be  proceeding  in  the  moat 
sober  manner,  and  by  the  aid  of  mathematical  demonattation,  to  the 
eatabliahment  of  his  various  propoaitiona.  Locke  pronounced  a  panegy  r io 
on  hia  theory,  commending  him  for  having  explained  so  many  wonderful 
and  before  inexplicable  things.  His  book,  as  well  as  Burnet's,  was 
attacked  and  refuted  by  Keill.'  Like  all  who  introduced  purely  hypo- 
thelicui  causes  to  account  lor  natural  phenomena,  Whiston  retarded  the 

*  An  Exumnation  of  Dr.  iiuraet't  Theory,  &c.  2d.  ed.  1734. 
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projrress  of  truiJi,  diverting  men  from  the  invcstigfation  of  the  laws  of 

gublLiiiary  nature,  and  inducing  them  to  waste  time  in  speculations  on  the 
power  of  comets  to  drag  the  waters  of  the  ocean  over  the  land — on  the 
condensation  oi  the  vapouro  of  their  talis  loto  water,  aad  oilier  maiten 
equaiiy  edifying. 

fTufchinson,  1724. — John  Hutchinson,  wlio  had  been  employed  by 
"Woodward  in  making  his  collection  of  fossils,  published  alicrwards,  in 
1724,  the  iirst  part  of  his  Moses's  Principia,''  wherein  he  ridiculed 
Woodward's  hypothesis.  He  and  his  nuoierous  followers  were  ao 
CQsComed  to  declaim  loudly  ag^oslbDoian  learning;  and  ihojaMUBtained 
Iku  iIm  Hebrew  scriptures,  when  rightly  tiwwimdi  comprised  a  perftoc 
system  of  mHHuti  philosophjf^for  wliiali  iMton  tlMy  obiaetad  to  lha  Nvw^ 
lOBian  theory  of  gravitation. 

CU»Mf5.^Andrea  Celsius,  the  Swedish  astronomer,  puhlishad  about 
lUa  liMbia  MMuksoB  tka  gradaaldiBKunMiavaadaiiiJuQf  of  tlia  walan 
fa  tbo  Mli«»  to  whkh  I  ahall  haao  onna^ioo  to  odwort  nora  paitieala^f 
kflNotar  (flik  17.  book  S.)< 

Stkemekamt  ITOa^Ii  Oantaay,  in  dia  owaii  t»a,  Sahaoahaar 
fcaorad  to  profo,  in  a  work  aotitlad  •^The  Complauii  of  tha  Ftahaa"* 
(1708),  that  tba  aaitb  bad  baan  MoodaOad  at  tba  daloga.  Plncfaa,  atso, 
ui  17M,  wma  to  tha  aama  aflbett  whito  Holbaah,  in  175S«  aAar  aon- 
aidatiflg  tko  variow  atlaoipta  la  Miw  aU  tho  aoeiast  ibmatioiia  to  tbo 
Koa^ian  flood,  expoaad  tlM  iaadequacy  of  tUa  aaoaa* 

Italian  GtologUU — VallUnerL — I  return  with  pleasure  to  the  geolo- 
gists of  Italy,  who  preceded,  as  has  been  already  shown,  the  naturalists 
of  other  countries  in  their  invesligatioas  into  the  ancient  hialory  uf  the 
earth,  and  who  still  maintained  a  decided  pre-eminence.  They  refuted 
and  ridiculed  the  phy«ico-theological  systems  of  Burnet,  Whiston,  and 
Woodward;*  while  Vallisneri.t  in  his  cominenls  on  tlie  Woodwardian 
.  theory,  remarketl  how  much  the  interests  of  religion,  as  well  as  those  of 
sotmd  philosophy,  hnd  suiTered  bv  perpetually  mixing  vip  the  sacred  wri- 
tings with  questions  in  ph)  sical  science.  The  works  of  this  autlior  were 
rich  in  original  observations,  lie  attempted  the  first  general  sketch  of 
the  marine  dapoatta  of  Italy,  their  geographical  exteol,  and  moat  obarac- 
tvistic  organic  remains.  In  his  tiaatiaa  On  the  origin  of  Springs,"  he 
— rH^n*^  tbair  dapandence  on  the  order,  and  oAen  on  the  dislocations,  of 
the  atnia,  and  reasoned  phtkieophically  against  tha  opinions  of  those  who 
Mfwdad  the  disordered  atala  of  tha  earth's  crost  as  exhibiting  signs  of  iho 
wiaik  of  God  Ibr  tha  aina  of  man*  Ha  foond  himself  nndar  tho  naiassity 

•  Ramazrini  pvpn  asserted,  liiatthe  ideas  of  Bnrnrt  were  mainly  borrowed  from  a 
dialogue  of  on^  Tatrtrio;  but  Brnrrhi,  nfifr  rradmi;  that  dialf>?np,  assun's  us,  thnt 
there  waa  scarcely  ikuy  other  sorrespoadeocs  between  these  sjstemsi  except  that  both 
were  equally  whimsical. 

t  M        Martni,  UUsie  eritkhs,  Ae.  ITU. 
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of  contending:,  in  his  preliminary  chapter,  against  St.  Jerome,  and  four 
other  prifi^i|):U  interpreters  of  Scripture,  besides  several  professors  of  di- 
Tinity*  **  tliiit  springs  did  not  llow  lu  jsublcnanean  sij>liojii5  aiui  cavjiies 
from  the  sea  upwards,  loauig  iheir  saitness  in  the  passage,"  for  thi»  tlieory 
bad  been  made  to  rest  on  the  infallible  testimony  of  Holy  Writ. 

Although  reluctant  to  gt neralize  on  the  rich  m^tc rials  accumulated  ia 
his  iriivel??,  Vallisiu  ri  !i;if!  hi  im;  so  much  struck  wiih  the  remnrkal>!e  con- 
tinuity ot  the  more  recent  innniie  strata,  from  one  end  of  Italy  to  lite  other, 
that  lie  came  to  the  conclusion  that  the  ocean  formerly  extended  over  the 
whoto  Mrlbf  mud  after  abiding  there  for  a  long  time,  had  gradually  sub- 
•idad.  This  opinion,  however  untenable,  was  a  great  step  beyond  Wood- 
mid't  dilnvian  hypothesis,  agminst  which  Vallisnerit  ud  iftor  him  »U  th« 
Tuscan  geologitts,  utiiformly  contended,  whik  it  WM  wumlj  Mipporttd 
bj  the  flMnbmm  of  the  Institute  of  Bologna.* 

4iiioBg  othtn  of  thai  dty«  Spada,  a  priett  of  Gr8iBana»  in  1787,  wrote 
to  pvo«>e  that  the  petrified  nari ne  bodlee  near  ¥ei«nft  were  not  dilnTian.t 
Matiani  draw  a  aimilar  inference  from  the  eMte  of  Voltefia  and  otiwr 
plaeeet  white  Coeiantini»  on  the  other  li«id»  wfaoae  obeerfaaiona  on  the 
tallej  of  the  Brenta  and  other  diatriete  weio  not  wilhool  valne,  nnder* 
took  to  vindieate  the  tmth  of  the  deluge*  as  alto  to  prove  thai  Italy  had 
been  peopled  by  the  deaoendaate  of  Japhet4 

Ahrot  1740^La2Baro  Moro,  in  hie  woifc  (pvhUahed  in  1740)  Oft 
Ae  Madne  Bodiea  whieh  are  Ibund  in  the  If  ountatna^**  attempted  lo  ap> 
ply  the  theory  of  earthqnaket ,  as  expounded  by  Strabo,  Pliny,  and  ether 
ancient  authors,  with  whom  he  was  familiar,  to  the  geological  phenoiiiciia 
described  by  ValIi-fieri.II  His  attention  was  awakened  to  the  elevating 
power  of  suhterrnnf  l  irces  by  a  remarkable  phenomenon  which  hap- 
pened in  his  own  lime,  and  which  had  abo  been  noticed  by  Vnllibiieri  in 
his  Idlers.  A  new  islami  rose  in  1707  fri'ni  a  deep  pari  of  the  near 
Sanlorin  in  liie  Mudiierranean,  during  conlnuied  shocks  of  an  carliiquake, 
and,  incren^in^f  rnpidly  in  yi^o,  grew  in  less  than  n  mon!h  to  be  hulf  a 
mile  in  circumference,  and  about  twenty-five  feet  ahovj^-  hiL'li-u  ater  mark. 
It  was  soon  afterwards  covered  by  volcanic  ejections,  but,  when  first  ex- 
amined, it  was  found  to  be  a  white  rock,  bearing  on  its  surface  living 
oysters  and  Crustacea.  In  order  to  ridieale  the  variona  theories  then  in 
fogne»  Moro  ingenionaly  aappoaee  the  arrival  on  this  new  island  of  a 
party  of  natmlieta  ignorant  of  its  reeeni  origin.  One  imedialaly  poinli 

«  firoochi,  p  28.  t  Ibid.  p.  9S.  |  ||M.  ^  gf. 

§  Sul  Crostacei  ed  altri  Corpi  Marini  che  ti  trovano  lai  Monti. 

II  Moro  does  not  cite  the  works  of  Ilooke  and  Raj  ;  and  although  so  manv  of  Jus 
Tifw;^  wf<r»»  in  accordance  with  their'?,  hp  v.'nn  probably  ignorant  of  iJjrir  writings, 
ibr  liiey  imd  not  been  transl&tcd.  A»  he  ulwajR  refers  to  the  Latin  edition  of  Bur- 
ns!, and  a  French  traaslation  of  Woodward,  we  luay  pre&uiue  that  be  did  not  read 
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to  the  marine  shells,  as  prouffi  of  tlie  «niversnj  (lehig;e  ;  anotlicr  arn^ucs 
that  ihey  demonstrnte  the  former  residence  of  the  sea  upon  ihe  mountains; 
a  third  dismisses  tliein  as  mere  sport*  of  naiurt;  while  a  fourth  affirms, 
thai  they  were  bom  and  Dourtshed  within  the  rock  in  ancient  cavemt, 
iato  whieh  mU  waiitr  Ind  bM  niBwd  in  liitili^  U  v»po«r  by  tbe  aoiliNi 
oCattbtomnean  heat. 

Mmo  pointed  with  great  judgmemt  to  tbe faulia  and  dtsIocatiaMi  of  Iho 
fllnli  dioaribed  by  VaUimriy  fai  tbo  Alps  tod  olher  oboiiii»  in  ooDim*- 
tkm  of  bio  doelriM,  tbot  tbo  ooBlinomo  hod  boon  beavod  op  by  tobtop- 
iMtoon  novooMOlo.  Ho  obfoond,  on  oolKd  groondo,  to  ibo  bypothoioo  of 
BttnoltBdof  Woodwofdi  yotho  nontorod  oo  far  to  ditwgoid  tfie  proltoi 
«f  TalliMori»aolo  ondeitikotbo  idoploiion  of  Ofwy  port  of  hloown  iyo* 
looi  toUioMoioiooeooiint(|f  tbociootkn.  Onlboibifd  doy,ho  loidttbo 
flobo  woo  ovory  wbofo  ootomd  to  tbo  mm  dopth  by  frtoh  wHori  ond 
-vboo  it  picooed  tbo  Supreoio  Being  that  tbo  diy  lond  ohonld  oppotr»  vol* 
oonfo  ozplookmo  bioko  op  Uw  omooth  ond  logolor  onifaoo  of  tbo  oorib 
oompoood  of  primary  lodw.  Tbooo  looo  in  moontou  nnwteo  obovo  tiM 
wow,  aad  oUowod  nellod  motolt  ond  oilto  to  oaeond  through  fiaeares. 
The  sea  gradually  acquired  its  saltness  from  volcanic  exhalations,  and, 
while  il  became  mure  circumscribed  lu  urea,  mcrcabed  in  JepUi.  Sand 
and  ashes  ejected  by  volcanos  were  reg-ularly  disposed  along  the  bouoiii 
of  ihe  ocean,  and  formed  the  secondary  strata,  which  in  their  turn  were 
lified  np  by  earthquakes.  Wc  need  not  follow  tins  author  in  iraeing  ihe 
progress  of  the  creation  of  vegetables  and  animals  on  the  otlier  days  of 
creation  ;  but,  upon  the  whole,  it  may  be  remarked,  that  few  of  the  old 
ro'' mo  logical  theories  had  been  conceived  with  so  little  Tioiatiou  of  known 
analogies. 

Gmratt'f  iMusirationa  of  Moro,  1749. — The  style  of  Moio  was  ez- 
tremoly  p9Qiii«  ondi  like  Hutton^  who,  at  a  later  poriod,  advanced  many 
of  tbo  oame  viovot  1m  olood  in  need  of  an  iUootrator.  The  Scotch  feolo- 
giol  woo  boldly  moio  farUmolo  in  tho  advocacy  of  Play  fair,  than  woo  Mora 
ia  numbering  amongst  bio  odniiofo  Cirillo  QonoioHit  who*  nino  yooio 
oAerwoidi»  daiivofod  ot  o  oitting  of  AoodooiiobMW  ot  Ciooiono  o  opirited 
oipoiitfon  of  bio  tboory.  Tbii  loomod  Cormolitin  IKor  doto  not  piotond 
to  bovo  boon  on  origfaial  oboarvor,  boc  bo  bod  otndiod  oofieiontiy  to  oao> 
Uo  lilm  to  oonirm  tbo  opinlooo  of  Morn  by  argnmonti  from  ollior  wrifoio  $ 
ond  bio  oelootion  of  tbo  doetrineo  tbon  boot  oilabtiabod  k  oo  Jodioiooot  tbot 
0  briof  obotnet  of  Ibom  connotftilto  boieeoptoUo,  oo  ilhittfolinf  tbo  oloto 
of  goology  in  Eniope,  and  in  Itoly  in  portieolor,  bofon  tbo  middio  of  tb# 
loit  century. 

The  bowels  of  the  earth,  says  he,  have  carefully  preserved  the  memo- 
rials of  past  events,  :ind  ilu>  tniili  tlu'  njariiif  jh-diIucikmi:^  frequent  in 
the  hills  attest.  Fruai  llm  rtjtlectious  at'  Lazzaiu  Muro,  we  may  a^svirc 
ourselves  that  these  are  the  effects  of  earthquakes  in  past  times,  which 
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have  changed  vast  spaces  of  sea  into  terra  firma,  and  inhabiled  lands  into 
seas.    In  this,  more  than  in  any  other  department  of  physics,  are  observa- 
tions and  experimenis  indispensable,  and  we  must  dili^^cnily  consider 
facts.    The  land  is  known,  \vhcrevcr  we  make  excavations,  to  be  com- 
posed of  different  strata  or  soUs  placed  one  above  the  other,  some  of  sand, 
some  of  rock,  some  of  chalk,  others  of  marl,  coal,  pnmice,  gypsum,  lime, 
and  the  rest.    These  ingredients  are  eonieiinies  pure,  and  somciiincB  con- 
fusedly intermixed.    Within  are  often  imprisoned  different  marine  tishes, 
like  dried  mummies,  and  more  frequently  shells,  Crustacea,  corals,  planta, 
not  only  in  Italyt  bat  in  France,  Germany,  England,  Africa,  Aaia^ 
and  America  ;-*-coiDeliiii«s  in  the  lowMt,  fometimes  in  the  loftiest  bede 
of  the  earth,  some  upon  the  mountahut  sone  in  deep  mines,  others  near 
the  eea,  and  otheie  hundreda  of  miles  distant  from  it.   Woodward  eon* 
Jeetured  that  these  marine  bodioa  might  be  found  every  where;  but  there 
are  roeke  in  whieh  none  of  them  ooeor,  ai  is  anfficiently  atlMted  by  Val> 
Iteneri  and  Manilli.  The  remains  of  fossil  antmala  eonaiBt  ehiefly  of  their 
more  solid  psrls,  and  the  most  rooky  sirala  moat  have  been  soft  when 
saeh  exam  were  indoeed  in  them.  Vegetable  prodoetions  are  fonad  in 
diierent  elates  of  maturity,  indicating  that  they  weie  imbedded  in  differ- 
ent seasons.   Elephants,  elks,  and  other  terreelrial  quadr u peds,  have  been 
found  in  England  and  elsewhere.  In  superfieisl  strata,  never  covered  by 
the  sea.   Alternations  are  rare,  yet  not  without  example,  of  marine  etmta, 
and  those  which  contain  marshy  and  terrestrial  productions.  Marine 
animals  are  arranged  ia  tlie  subterraneous  beds  with  admirable  order,  in 
distinct  groups,  oysters  here,  denialia  or  corals  there,  t^c,  as  now,  ac- 
cording to  Marsilli*,  on  the  shores  of  the  Adriatic.    We  must  abandon 
the  doctrine,  once  so  popular,  which  denies  tliat  organized  fossils  were 
derived  from  living  lacings,  and  we  cannot  account  for  their  present  posi- 
tion by  the  ancient  iheory  of  Strabo,  nor  by  that  of  Leibnitz,  nor  by  the 
universal  deluge,  as  explained  by  Woodward  and  others:  *'  nor  is  it  rea- 
sonable to  call  the  Deity  capriciously  upon  the  stage,  and  to  make  hira 
work  miracles  for  the  sake  of  confirming  our  preconceived  hypotheses/* 
— I  liold  in  utter  abomination,  most  learned  Academicians  1  those  ays* 
tems  which  are  built  with  their  foundations  in  the  air,  and  cannot  be 
propped  op  without  a  miracle ;  and  I  undertake,  with  the  aasistance  of 
More,  to  explain  to  yon  how  these  marine  animals  were  transported  into 
the  mountains  by  natural  eaases."t 

A  brief  abstraet  then  fottowa  of  M<»o*s  theoffy»  by  whieh,  says  Gene* 
rellii  we  may  exphnnallthe  phenomena,  as  Vallisaeriso  ardently  .desired, 
"  wiihotti  eio&nce,  totlAotfl  fleUmUf  wUhmU  hypothetUt  mtimA  mtrtf* 

•  Saggio  lisico  intorno  aha  St  irin  dri  Mare,  part  i.  p.  24. 

t  "  Abbomino  al  summo  qualsi vo^'Ua  Mstemn,  rhe  sia  di  pianti  fabbricato  in  aria; 
msMiine  quando  «  tale,  che  noa  possa,  aoaienerai  MDia  un  miracolo,"  dtCw^Ds' 
CRMteo«ediallieP«odes.dsl  lltt%*e.l749. 
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cics.*  The  Carnaclilan  then  proceeds  to  struggle  against  an  obvious 
objcc  lion  to  Moro's  system,  coiuidereci  as  a  method  of  explaining  the 
revolutions  of  the  earth,  naturaUy.  If  eartliquakes  have  been  the  agenlt 
of  mefa  mighty  changes,  how  does  it  happen  that  tbtir  effects  since  the 
timi  of  hiMocy  bats  been  so  inconsiderable  T  'I'his  tnie  difficulty  had, 
M  we  hav«  ■mo,  pmmwl  jmtkt  to  Hooke,  half  a  cenUury  before,  and 
forced  him  to  resort  to  a  former  oiMt  oC  mm tel  GMnUiMniM 
Iu0  poeiliMi  by  ■howiof  horn  vnmmom  wore  iIm  waMm  of  mplioiis 
and  nrlbqiilut,  of  wmm  islndit  m4  of  oIbtiImm  tnd  nbotdeBeot  <ftf 
hRd,  andytt  bow  noeh  gvNlor  m  BUBfaor  of  lifco  ofoolo  Mil  btvo  beoii 
wmmmA  Nd  wuobonW         tbo  Im  ihc  thooMod  yoHo.  Ho  obo 

ooBlaabif  obeDo  bon*  upon  iho  wbolot  bat  o  raiiU  propoidon  to  tbooo 
mbi  wbloh  woio  dottkote  of  oifaoio  lOBtbM ;  oad  Ibo  latter,  says  tbo 
loMod  BMmk,  might  bm  bom  enotod  m  tboy  now  txiot,  in  ike  begk^ 

mng. 

Generelli  then  describes  the  continual  waste  of  mountains  and  conti* 
nents,  by  the  action  of  rivers  and  torrents?,  and  conchules  wiiii  iliese 
eloquent  and  original  ubservatiaiis  : — "  Is  ii[)ossible  that  this  waste  should 
have  continued  for  six  thousand,  perJuips  a  greater  number  ol  j'ears, 
and  thai  the  mountains  should  remain  so  great,  unless  their  rums  have 
been  repaired  ?  Is  it  credible  that  the  Author  of  nature  sliouUI  have 
founded  the  world  upon  such  laws,  ns  that  the  dry  land  should  for  ever 
be  growing  smaller,  and  at  last  becomi^  wholly  submerged  beneatli  the 
waters  ?  Is  it  credible  that,  amid  eo  mauy  created  things,  the  mouutains 
mlone  should  daily  diminish  io  nanber  tad  bulk,  without  there  being  any 
repair  of  tboir  losses  ?  This  would  be  contrary  to  tliai  ocder  of  Piovidence 
wbieh  is  seen  to  nign  in  all  other  duofi  ia  the  universe.  Wherefore  I 
dooai  h  just  to  ooaelude,  that  the  same  oaoio  whieb^  ia  tbo  boginaiag  of 
fteOf  ndiod  nooataiai  firom  the  abjof«  bao  dom  to  ibo  present  day  coa* 
ttnaed  to  prodaoe  othen»  ia  order  to  lootoio  ffom  tiaio  to  tiiao  tbo  laieai 
of  att  aaob  ao  aiak  dowa  ia  dUEnoat  plaeotf  or  an  laat  aoaador»  or  in 
odnr  way  oalbr  diailMogntioa.  If  tbii  boadmittody.wooaa  ooiily  «b- 
diiataad  why  tbom  tboobt  aow  bo  faaad  opon  anay  moHiiih  ao  gnat 
a  oanbor  of  emtacea  and  olbcr  mariao  ammali.'* 

Ia  tbo  ibofo  oxtnot  I  bata  aol  manly  oaaawwded  the  opioiooo  and 
fiioto  whieb  aio  eoaftnood  by  roooni  obiOnratioa»  suppressing  all  that  baa 
•Iboo  piofod  to  bo  onoaaoiMi  bat  bovo  gitaa  a  iuthfal  ^idgnanl  of  tbo 
ondio  tio8two#  wkb  dio  oiMon  only  of  Mofo'a  bypotbaaaa»  wbiob 
Generelli  adopted,  with  all  iu  fsuHa  and  oxeeUeociea.  Tbo  fooder  wffl 
therefore  reoiark.,  that  although  this  admirable  essay  embraces  so  large  a 

*  <<Scriza  violenze,  atnxa  fiazioni,  senza  AupposU,  fieax&miraooli.  "  i>e  iJiostAoei 
e  di  &Itre  ir'roduz.  del  Mwe,  &c.  1749. 
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portion  of  the  principal  olijecls  oi  geological  research,  it  maizes  nn  nllusion 
to  lilt'  e.\lincli<»n  of  certain  classes  of  animals  ;  ant!  it  is  evident  ilial  no 
opinions  nn  lliis  head  had,  m  tliat  time,  gaiiKii  a  firm  looiing  in  lial  v. 
That  Lisler  and  other  English  naturalists  should  long  before  have  declared 
in  favour  of  the  loss  of  species,  while  SciUa  and  most  of  his  countrymen 
hesitated,  was  perhaps  natural,  since  the  Italian  nuMonnia  were  filled  with 
fossil  shells  belonging  to  •pnciet  of  which  a  great  portion  did  actually 
eiiat  in  the  Mediterranean ;  whereas  the  Engliah  coUeetof*  eould  obtain 
no  recent  tpeciee  from  such  of  their  own  ttrala  as  were  then  explored. 

The  weakest  point  in  Moro*a  system  eonsisted  in  deriving  uU  the 
stratified  roeka  from  volemiie  ejeetions ;  an  absurdity  which  his  opponmitB 
took  ears  to  expose,  espeeially  Yito  Amici.*  Moro  seems  to  have  beea 
misted  by  his  anxioas  desire  to  lepmsent  the  formation  of  seeoodaiy 
foeks  as  having  oeeapicd  an  extremely  short  period,  while  at  the  same 
time  he  wished  to  employ  known  agents  innatnra.  To  imagine  tonents, 
rivers,  eorrenu,  partiid  floods,  and  alt  the  operations  of  moving  water,  to 
have  gone  on  exerting  an  energy  many  thousand  times  greater  than  at 
present,  would  have  appeared  preposterous  and  incredible,  and  would 
have  required  a  hundred  violent  hypotlioses  ;  but  we  arc  so  un;icquaiiUed 
with  the  true  sources  ol  sulilei  rancati  di^iurbances,  that  their  former  vio* 
lenre  may  in  theory  be  muUiplied  indefinitely,  without  its  being  possible 
to  prove  the  same  manifest  contradiction  or  absurdity  in  the  conjecture. 
For  this  reason,  perhaps,  Moro  preferred  tu  derive  the  materials  of  the 
strait  from  volcauic  ejections,  rather  than  from  transportation  by  nmouig 
water. 

i^/arH/Zt.— Marsilli,  whose  work  is  alluded  to  by  Generelli,  had  been 
prompted  to  institute  inquiries  into  the  bed  of  the  Adriatic,  by  discovering, 
in  the  territory  of  Parma  (what  Spada  bad  observed  near  Verona,  and 
Seliiavo  in  Sicily),  that  fossil  shelbi  were  not  scattered  through  the  loefcs 
at  random,  but  disposed  in  regulsr  order,  aeeoiding  to  certain  genera  and 
species. 

VUtMrnm  J)onaHf  1760. — ^Bnt  with  a  view  of  throwing  further  Jighl 
upon  these  questions,  Donati,  in  1760,  undertook  a  more  eiiensive  in» 
festigatiott  of  the  Adriatie,  and  discovered,  by  numerous  soundings,  that 
deposits  of  sand,  marl,  and  tufaeeoosinciustatioos,  most  strictly  analogous 
to  those  of  the  Sobapennine  hills,  were  in  the  act  of  accumulating  there. 
He  ascertsined  that  there  were  no  shells  in  some  of  the  submarine  tracts, 
while  in  other  places  they  lived  together  in  familiee,  particularly  the 
genera  Area,  Pecien,  Venus,  Mursx,  and  some  others*  He  also  states 
that  in  diven  localitiee  he  found  a  mass  composed  of  corals,  shells,  snd 
crostaceotts  bodice  of  diflerent  species,  confusedly  blended  with  earth, 
sand,  and  gravel.   At  the  depth  of  a  foot  or  more,  the  orgauic  ^ub^iUiiices 

*  M  Tertaoei  deUa  Sieilia. 
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wrro  entirely  petriJiofl  nnd  rediired  to  marblei  at  less  than  a  foot  from  the 
suriace,  Uiey  approaciied  lir  ni  er  to  ii)cir  nalunil  slate;  while  a(  tfaiQ  amfacfi 
they  were  alive,  or  ifderid,  m  ;t  <:o(n!  stair  of  preservation. 

Bahlmsuri. — A  conteiiip(jr:u y  naturalist,  Baidassari,  had  shown  that 
the  organic  remaius  in  Uie  lerUury  marla  of  Ihe  Siennese  territory  were 
grouped  ill  famitot  lA  »iiiaii|itr  praoittiy  Mniiav  ta  thai  abof«  sUimM 
to  by  Donati. 

Bujf»n^  l749.^BiiiMi  first  made  known  hid  theoretical  fitws  con» 
Mmu^  the  former  ohaiigea  of  the  earthria  hia  Natural  Hiattf ry»  |mhliah<id' 
m  1740k  He  adeptad  tfai  thtoiy  of  m  original  ?oic«iieniaolm,togailiir 
vith  tlM  wdvMMl  cmwn  of  IteiteHs.  By  tlM«  atineooa  aavalopo  ^ 
hightal  MoalaiM  ww^oM  oovmil*  ICariiio  cwDnla  than  aotad  fio* 
leatly«  and  Ibmad  hotiionlal  ainlat  by  waahing  away  aotid  mattar  la 
aoM  paitai  and  dapoaituif  it  tii'  othaia they  alto  exeataiad  deep  aab> 
marioe  valleys.   The  level  of  the  oeeaa  waa  then  depressed  by  the  entiaoee 
of  a  pert  of  Ua  mlere  mio  aoblenraneeii  eavenwt  and  tboa  aoae  laod  vaa 
left  dry.   BeffoB  eae«e  not  to  have  piofttad,  Uke  lioibmf  and  More,  by 
the  obserrations  of  Steno,  or  he  could  not  have  imagined  that  the  strata 
were  generally  horizontal,  and  that  those  winch  contain  orgranic  rc  id  a  ins 
had  never  been  disturbed  since  the  era  or  ihcir  [uriiiuuon.    lie  wajs  coa- 
9cinuii  (jI  the  great  power  annually  exerted  by  rivers  and  nianne  currents 
in  Iran': [;oi  [ing  earthy  n>aterin!s  to  lower  levels,  and  he  even  coutt  in phi- 
ird  ihc  period  wlieii  iluy  would  destroy  all  the  jircsent  continents. 
Al'-lioujh  in  s^'.'ology  he  was  not  an  orifrinal  obsprvcr,        e;enius  enabled 
him  to  render  his  hypothesis  attractive  ;  and  by  the  eloquence  of  his  style, 
and  the  boldnesa  of  hie  ^pecalation«»  lie  awakeoad  eiiitoaHy,  and  piovoked 
a  epirit  of  inquiry  amongst  his  countrymen. 

Soon  after  the  pablication  of  his** Natural  History,"  in  which  was 
incloded  his  **  Theory  of  the  Earthi"  he  received  an  ofBcial  letter  (dated 
January,  1751)  from  the  SofhonoOi  or  Faeulty  of  Theology  in  Pane* 
ialMung  huD  that  lonrleen  piopoeiiioni  m  hie  worke    wove  repmheoF 
aiUe*  end  eootmy  to  the  eioed  of  the  eboioh,*'  The  tot  of  tbeio. 
ohnoiioia  paiaagMt  and  the  only  one  lelattog  to  goologyf  waa  ae 
foUowe:— «*Tlio  wetne  of  the  aea  have  prodoead  the  monniaina  and 
vnlloya  of  the  laiid«-lhe  watera  of  the  heavena,  ledoetng  all  to  a  levels 
will  et  last  deliver  the  whole  land  ovar  to  the  aea,  and  the  sea,  aneeeae^ 
ivdy  pieeailing  over  the  land,  will  loaioa  diy  new  oontinenta  like  ihoee 
whkh  we  inhabiu    Bufibn  was  invited  by  the  College,  in  very  oenrteoui 
terms,  to  send  in  an  explanation,  or  rather  a  recantation,  of  his  unorthodox 
opinions.    To  this  he  subuiiiud  ;  and  a  gcaLial  assembly  oi  ihu  i  aculty 
having  a[>pnn cd  of  his  '*  DeclaraLion,"  he  was  required  to  publish  it  in 
his  next  woiV,    The  document  bcLnns  with  these  words: — "I  declare 
that  I  liaii  no  intention  to  contraditi  die  text  of  Scripture;  that  I  believe 
most  lu  tidy  all  therein  related  aboiu  ihe  creation,  bath  as  to  order  of  time 
Vol.  H 
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and  mj^tter  of  fact;  and  I  abandon  evertf  thins;  in  myhoolc  resprcling  the 
Jovmaiioa  of  the  earthy  «nd»  geiieraUj',  ail  which  may  be  contrary  to  the 
narraiioti  ofMoseH,"* 

The  grand  principle  which  Buflbn  was  called  upon  to  renounce  wai 
simply  this, — that  the  present  mountains  and  ralleys  of  the  earth  are 
due  to  leeondary  causes,  and  that  the  tame  eeoses  will  in  time  destroy  all 
the  continents,  hills,  and  valleys,  and  leproduce  others  like  them."  Now, 
whatever  may  be  the  defeeie  of  many  of  hie  mwe,  U  is  no  longer  con- 
troverted that  the  present  continents  are  of  secoodaiy  origin.  The  doc- 
trine ae  linnly  eitabllsbed  as  the  ^rth's  rotation  on  iti  azia;  and  thai 
the  land  now  elevated  above  the  level  of  the  tea  will  not  endno  for  over* 
If  an  opinion  whieh  gains  fnmnd  daily*  in  proportion  as  we  onlaifa  our 
experlenoe  of  the  changes  now  In  progress. 

Targionit  1701.— Targioni,  in  his  volnminoos  Travels  in  Tneeany, 
mi  and  1704»"  laboated  to  iUI  np  the  skeldi  of  the  geology  of  thai 
region  leA  by  Steno  sixty  years  before.  Notwithstanding  a  want  of 
arrangement  and  condensallon  In  his  memoirSt  they  oontained  a  ildi  more 
of  faithful  observations.  He  has  not  indulged  in  many  general  views, 
bill  in  regard  to  the  origin  of  vallevs,  lie  was  opposed  to  the  theory  of 
iiuilon,  who  attributed  them  princip.iUy  to  submarine  currents.  The 
Tuscan  naluralitit  laboured  to  show  that  both  the  larger  and  smaller 
valleys  of  the  Appennines  were  excavaieii  by  rivers  and  floods,  caused 
by  the  bursting  of  the  barriers  of  lakes,  after  the  relreal  of  the  ocean. 
He  also  maintained  that  the  eli  phanls  and  other  quadrupeds,  so  rre  iucnt 
in  tlie  larnstrine  nnd  alluvial  deposits  of  Italy,  had  inhabited  thnt  ])cum- 
sula;  and  had  not  been  transported  thither,  as  some  had  conceived,  by 
Hannibal  or  the  Romane»  nor  by  what  they  were  pleased  to  term  **m 
catastrophe  of  nature/* 

Lehmarit  1756. — In  the  ycnr  1756  the  treatise  of  Lehmanf  a  German 
mineralogist,  and  director  of  the  Pnissian  mines,  appeared,  who  also 
divided  monntains  into  three  classes :  the  first,  those  formed  with  the 
world,  and  prior  to  the  oteatlon  of  animals,  and  whieh  oontained  no 
lirafments  of  other  roehs ;  the  seeond  dass,  those  whieh  resnltsd  Ikon 
the  partlsl  destruotion  of  the  primaiy  roeks  by  a  general  revolotion  t  end  a 
third  elassy  rsanlting  from  local  revolntionsy  and  in  pert  ftom  the  Noeehlan 
delage.t 

A  French  translation  of  this  work  appeared  in  1799,  in  the  preface  of 
which  the  translator  displays  very  enlightened  viewe  rsspeciing  the 
operatione  of  earthqnakes,  as  well  as  of  the  aqueous  eaoses. 

Gesner,  1758. — ^In  this  year  Gesner,  the  botanist,  of  Zurich,  published 
an  excellent  treatise  on  petrifactions,  and  the  changes  of  tiie  earth  which 

•  Hist.  Nat.  torn.  t.  ^d.  de  Flmp.  Royalc,  Paris,  1769. 
t  £m&x  d  ime  Uist.  iNlat.  dcs  CoucUe*  de  U  Ttm^  1759. 
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ihey  trslifv.*  After  a  dctailetl  cruHncration  of  ihe  various  classes  of 
fossiU  of  the  aiumai  aud  vegetable  kingdoms,  and  remarks  on  the  dilTerent 
statM  io  which  they  are  found  petrified,  be  considers  the  geological 
phaaomeiia  ooai^cted  with  them ;  observing,  that  some,  like  tboee  of 
CEningesy  ntembled  the  testaoeat  fi^b,  and  planCi  iadigwioai  in  the 
neighbouring  region  ;t  while  eome,  such  as  afflmonliee,  giypliitett 
belemnites,  and  other  shells,  tie  either  of  unknown  apeeaee,  or  found 
only  in  the  Indian  and  other  distant  aea«.  In  order  to  eloeidate  the 
stmctnre  of  the  earth*  he  givee  ■eetiona*  from  Vereaine,  Bafibn,  and 
othen,  obtained  in  digging  wella ;  dietingobhea  hetween  horisontal  and 
inclined  etrau;  and,  in  apeenlating  on  the  eanaea  of  iheee  appeaianeea, 
mentions  Donati*a  examination  of  the  bed  of  the  ikdriatic ;  the  filling  up 
of  lakee  and  eeae  by  sediment ;  the  imbedding  of  sheila,  now  in  progress ; 
end  many  known  effeeta  of  earth^ivakes,  aneh  aa  the  ainking  down  of 
diilriote,  or  the  hearing  up  of  the  bed  of  the  aea,  so  aa  to  form  new 
iabnde  and  lay  dry  atiata  oontainiog  petrifactions.  Hie  ocean,  he  saya, 
deserts  its  shores  in  many  countries,  as  on  the  borders  of  the  Baltic ;  but 
the  rale  ol  recessiod  has  been  so  slow  in  the  last  'JOOO  ycura,  that  to 
allow  the  Appennines,  whose  siimmiLs  arc  tilled  wiih  marine  shells,  to 
emerge  to  their  present  height,  would  have  required  about  80,000 
years,^ — a  lapse  of  time  ten  times  greater,  or  more,  than  the  age  of  the 
universe.  We  must  therefore  refer  the  phenomenon  to  the  command  of 
the  Deiiy,  related  by  Moses,  that  '*  the  waters  should  be  gathered  together 
in  one  place,  and  the  dry  laud  appear.'*  Geaner  adopted  the  views  of 
LeibnitSf  io  aeoonnt  ibr  the  letreat  of  the  primeval  ocean :  his  essay 
disptaya  moch  erudition ;  and  the  opinions  of  preceding  writers  of  Italy, 
Gerannyt  a&d  England  are  eommented  upon  with  firmneae  and  diaerimi- 
nation. 

JirAdmf  1769.— In  the  year  following,  Ardnino4  in  bis  memoirs  on 
the  raoantaina  of  Padna,  yieenia*  and  Verona,  dadneed,  6om  original 
ebeervationa,  the  diatinetion  of  roeka  into  primary,  aeoondaiy,  and  ter- 
tiary, and  showed  that  in  thoee  diatrieta  there  had  been  a  anooeaaion  of 
snbmarme  voleanie  eraptiona. 

JfieActf,  1760^In  the  foUowing  year  (1780)  the  Rot.  John  Miehell, 
Woodwardian  Professor  of  Mineralogy  at  Cambridge,  pabliahed,  in  the 
Pbilosophieal  Transactions,  an  Essay  on  the  Canae  and  Phenomena  of 
£arthqiiake8.$   His  attention  had  been  drawn  to  this  subject  by  the  great 

*  John  Oesner  published  at  Leyden,  in  Latin. 

t  Part  a.  chap.  9.  t  Oiomale  del  GriseKni,  1750. 

§  See  a  Sketch  of  the  Histoiy  of  English  Geology,  by  Dr.  FItton,  hi  Ediab.  Rev. 
M.  1818,  ra-edited  Loud,  and  Edinli.  PhiL  Mag.  vol.  i.  and  u.  183S-93.  Some  of 
Miehell's  Observstioos  aoticipate  an  so  remrkable  a  manner  the  theories  established 
ftltf  years  aflerwards,  that  his  writings  would  probably  have  formed  an  era  in  the 
Misnee,  if  his  rescawihiSi  had  been  nainterraptsd.  Hs  hsM,  however,  hia  profiassof  > 
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earthquake  of  Lisbon  in  1755,  He  advanced  many  original  and  philoso- 
phical views  respecting  the  propagation  ol  subterranean  uioveuieiit^,  ajiil 
the  Cftrerns  and  fiseures  wherein  steam  might  be  generated.  In  order  to 
[point  #ut  the  applicaiiou  of  his  theory  to  the  etrtieiure  t>f  the  globe,  he 
Wts  led  to  describe  the  amngaamit  and  disturbance  of  the  strata,  their 
OTttal  horizontalitjr  in  low  conttlriift  and  their  contortions  and  fractured 
•tet0  in  the  MiffabowlMod  of  mountain  chains.  He  also  explaiofldv  with 
wrpriiing  teonnof,  the  relations  of  the  OMitral  tidges  of  older  rocks  tn 
tim  **long  nwnow  allps  of  similar  earths,  tlimett  and  minenLi/'  whkli  am 
IMralU  40  ibcM  fklgeo.  In  hii  gonnrdimiopni  dnriTod  in  grent  part  from 
liit  Qwa  olMtttnlions  on  tfie  gnoln^giod  itnomm  «f  Totknliin^  fan  nntM»> 
pnmd  nMtty  of  Ibn  vinwt  mom  Mj  defelopnd  bj  lainr  nniWBlislii 

OaUoUf  1761.— Micheirt  pnpein  wnm  nntifily  Ann  inm  all  pkjwiao- 
Iheologlcil  <li«quinitfonn«  tnil  tono  of  his  oontempomioi  wnm  ntill 
Mtljr  Mgaged  in  dntoding  or  impugning  thn  Woodwntdinn  itypothnnin» 
Wo  find  nianx  of  theso  writings  roforind  to  by  Cnloott,  nn  HuteliinMMiinnv 
who  published  a  *•  Treatise  on  the  Delofo"  in  1761.  Ho  Inbonnd  parl^ 
ciilarly  to  reiute  an  explanation  offered  by  his  conteraporanr,  Diebop 
Clayton,  of  ihu  Mo>aic  writings.  'I'lial  prulalc  had  declared  tliat  the  de- 
luge "could  not  be  hieiaiiy  true,  save  in  respect  to  that  part  where  Jsoah 
lived  before  (he  flood."  Catcott  insisicd  on  ilic  uiuvorsalily  of  the  de- 
luge, and  referred  to  traditions  of  inundations  mentioned  by  ancient  wri- 
ters, or  by  IravelU  r>,  in  the  East  indies,  China,  South  America,  and  other 
countries.  This  part  of  liis  book  is  valuable,  although  it  is  not  ca^y  to 
oee  what  bearing  the  traditions  have,  if  admitted  to  be  antlientic,  on  the 
bishop's  argumonty  oinoe  no  oftdoneo  is  adduoed  to  prove  that  tbo  cataa- 
Ifophoo  were  contemporanoono  nronCSy  wliilo  some  of  tiMn  nio  tipwwiy 
fepraaented  by  ancient  authors  to  hafo  oeenrred  in  succession. 

Jbrlfo-^Ocfoantf,  1761.— Tbo  dootrinoe  of  ▲idoino,  above  adf«ttodto» 
wom  aAorwanIo  oonirmod  by  fMo  and  Deomninot,  In  thoir  trnvoU  te 
iho  ouio  onunlry  i  and  ihoy»  no  well  on  Bnldnnofit  Inboniod  to  oomploio 
«bn  bintevy  of  thn  Sobopennlno  ■ttnln«  In  thn  wofk  of  Odoaidl,*  tlieie 
won  also  n  dear  aigomont  in  foTonr  of  tho  dintfnot  agna  of  iho  oMor  Apon* 
nlnn  ainiaf  and  tho  Sabnpennf nn  fomnilnna  of  noft  raoent  origin.  Ho 
pointed  nnl  Ibai  tho  atratn  of  <boiO  two  ffonpo  woio  unconformabltt  and 
Binat  bntn  boen  tbo  depoaito  of  diffinent  aoaa  at  diatant  porioda  of  lioM. 

Baspe,  17^. — A  history  of  the  new  islands  by  Raspe,  an  Hanoverian, 
appeared  in  1763,  in  Laiiu.t   In  this  work,  all  the  autlientic  accounts  of 

ship ealj  dghi  ymm,  whm  be  aaceeeded  to  a  beBellee, and  flaaaltettfaaa ba ap> 

years  to  have  entirely  discoattaoel  hb  ftiTOtifh  ponallB. 
*  ftoi  Corpt  Marin  t  del  Feltrino,  1761. 

i  De  Novis  e  Mnri  Natia  Insulig.    Riispe  wna also  the  editor  of  the  "  Philoiopbtetl 
Works  of  Lpilnitz.   Am^t  ft  Leipsigy  17i&|"  thn  aithtf  tif  "T— if 't  flfW,"  Mti 
Auaa  MiwfihauMA '»  TcAvei*. ' ' 
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«viiqiiakN  'mhUk  had  fiodoted  perauMwat  ciMnges  on  the  iolid  pnrts  of 
the  earth  wm  Mllected  togcthef  mi  MMBined  widi  jHdtoioiw  criticitm. 
Th*  bml  tystems  which  had  bttm  pMpOflod  memiajf  the  aaeieiii  hit- 
tory  «f  ike  gNibe,  Mi  bymleat  vkd  modem  wiUcft,  are  tefiewed  |  m4 
^  MMilit  wad  MbMt  of  iIhi  doouiMSof  Hooke*  Rkj,  Mov»»  Bnflbt,  uid 
eilMflB^  lyflj  Mtiiwied*  OfMt  tdmlnliMi  it  ezprMiad  for  llie  h jiKMhaiil 
«f  HodsBy  mi  hii  nplaBiilimi  «f  ilia  orlgtB  of  the  tirata  ie  eliowii  te  htft 
lMi«  flMne  eoneel      Bloio*ev  wbOe  theif  theory  of  the  efieeie  of  eartli- 
qaakee  wee  the  tame.  Raspe  had  not  eeen  Mlehell'a  vemolr,  md  hie 
Yiewa  eoneeming  the  geologieal  etnietino  of  the  euth  weie  perhape  leae 
«Blerged ;  yet  he  wee  aUe  to  add  neny  addltioiMi  afgamenla  In  Afoor  of 
Hooke'e  theory,  and  to  render  it,  aa  he  said,  a  nearer  approach  to  irhet 
Hooke  would  have  written  had  he  lived  in  later  times.    As  to  the  periodb 
wherein  all  ilie  earthquakes  happeiuil,  to  which  we  owe  t)ic  elevation  of 
Tarious  parts  ui  our  coiUiiienUi  and  islands,  Raspe  says  he  pretends  not  to 
assign  llieir  duration,  still  less  to  defend  Hooke's  su^yesiioa,  Uiai  ihe  con- 
Tnlstone  alinoat  aii  took  pkce  during  the  dehi^e  of  Noah.    He  adverts  to 
the  apparent  indirtuions  of  llie  iormer  tropical  licat  of  t!i8  climate  of 
Europe,  and  the  changes  in  the  ?ppfifs  of  animals  and  plants,  as  among 
ihe  most  obscure  and  difficult  problems  in  geology.  In  regard  to  the  islands 
laiaed  from  the  sea,  within  the  times  of  history  or  teadition,  he  declares 
ifaat  some  of  then  WMO  compoied  of  strata  eontahiing  organie  lenaina, 
md  that  they  were  not,  as  Bufifon  had  eaeerted,  made  of  mere  irolcanic 
mailer.   His  work  concludee  with  an  eloquent  exhortation  to  naturaliata 
m^mmadm  the  islee  whieh  voeei  in  1707,  in  the  GieOian  Archipelago* 
ead,  Jn  1710,  in  the  Aaoree>  and  nol  to  negieet  ineh  eplendid  opportani- 
liee  of  etadying  nemio    In  ilie  ael  of  paitnrition.**  That  Hooke^a  wil> 
llnga  ehoold  haveheennegleeeid  Ihrnore  than  half  a  eentniy,  waa  matter 
of  aiMiahMeat  to  Raipe{  htilit  ia  atill  nMRO  wondarfal  that hia  own 
Inminooa  eipoaltkm  of  that  theory  ahoold,  for  mora  than  another  half 
contary,  hate  ewlled  eo  Utile  iateioet. 

JMsf/,  l76t  and  lT7S<^Faeheel,  a  German  physician,  pohKehed,  in 
1762,  a  geolofieal  description  of  the  conntry  between  the  Thurlngerwald 
and  the  Harlz,  and  a  memoir  on  the  environs  of  Rudelstadt  ;•  »nd  after- 
wards, in  1773,  a  theoretical  work  on  the  ancient  history  of  ihi  i  arth  and 
of  man.t  He  had  evidently  advanced  consi(iera!iU  beyond  his  predeces- 
sor I^hman,  and  was  aware  of  the  distinctness,  both  as  to  posiuoii  and 
fossil  contents,  of  several  groups  of  strata  of  diilerent  ages,  corresponding 
to  the  secondary  formations  now  recog^nised  by  gf  i)loi,nsts  in  various  parts 
of  Germany,   lie  auppoaed  the  European  cootinanta  to  ha?e  ramaiaad 

*  Acta  Aeademiv  Electoralii  Maguntliui,  toI.  ii.  Erftiit. 

t  Thia  account  of  Facbael  is  derived  frooi  an  excelleat  laal^Plis  of  bis  maniaini  by 

M.JLefortsin.    loaaa  riaflyolosis  tiitt  ii  Oat  IMP 
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covered  by  ihe  sea  until  the  lormation  of  ilic  marine  strata  called  in  Ger- 
iiiaiiy  '  imischelkalk,"  at  ihe  suiiie  lime  that  the  lerreslrial  pUiiUi  oii  many 
Europeaa  deposits  attested  the  existence  of  xiiy  land  which  bordered  the 
ancient  sea;  land  which,  therefore,  must  have  occupied  the  place  of  the 
prcMenl ocean.  This  pre-existing  continent  had  been  gradual! })  swallowed 
U|)  by  ihc  5^ca,  different  parts  having  siihsidcd  in  succession  into  subter- 
ranean caverns.  All  the  eediineQlary  strata  were  originally  horizontal, 
and  their  present  state  oT  d«fiDgem«at  miifl  be  letovd  to  mbMqiiMii 
Qicillatioiis  of  the  gnmiid. 

At  there  vers  pltnts  and  animals  in  the  ancient  periods,  so  alao  ten 
mmtliave  been  menv  boitbey  did  not  all  deeeesd  lirom  one  pair,  bat  wen 
created  ai  varioni  poinla  on  the  earifa'a  aniftoei  and  the  Bonber  of  tliaee 
diatinet  birth-placea  waa  aa  gieai  aa  are  die  ofifinal  hngnagee  of  natleM» 

In  the  wrhtnfa  of  FMiael  we  aoa  aatnnig  deeiie  manifeated  to  e(splaui 
geohigieal  phenomena  aa  far  aa  poaaibk  bj  lefennee  to  the  agmy  of 
known  caoaea ;  and  allhoogh  aone  of  hia  apeeolatKwe  wave  iu»ifnl»  hie 
viewa  oouctde  mueh  more  nearly  with  thoae  now  generally  adopted*  tbaa 
Ibe  theofiea  afterwarda  promnlgated  by  Werner  and  hia  lollowan. 

Bfmnder,  1760.— -Gnatavna  Brander  pnbliafaed,  in  1766^  Ida  ••Poeiilin 
Hantottienaia,*'  containing  excellent  figures  of  fossil  shells  from  the  more 
modern  marine  strata  of  our  island.  "  Various  opinions,"  he  says  in  the 
preface,  **  had  l.)ceu  ciiterlaintii  coju'cnung  tiic  time  when  and  how  ilie^c 
bodies  became  deposited.  Some  there  are  who  conceive  th:ii  it  miglu 
have  been  effected  in  a  wonderful  length  of  time  by  a  gradual  chanirintr 
and  fehilung  of  the  sea,"  <!i&c.  But  the  most  common  cause  as^iiiUfHi  is 
that  of  ♦<  the  dt  higc"  This  conjecture,  iie  says,  I'vi.-n  il  ihe  iuii\ crsality 
of  the  llood  be  not  called  in  question,  is  purely  hypotiiulical.  lu  his  opin- 
ion, fossil  animals  and  lestacea  were,  for  the  most  part,  of  uuknown 
species ;  and  of  such  aa  were  luiowiiy  the  lit iag  analofiiaa  now  belongad 
to  southern  latitudes. 

Soldmiit  1780. — Soldani  applied  aneeeaafnUy  his  knowledge  of  zoology 
to  Ulnetrate  the  hiatory  of  atmlified  masses.  He  explained  that  miefoeoo> 
pie  teatacea  and  zoophytee  inhabited  the  deptha  of  the  Mediterranean; 
end  thai  the  Ibaail  iqpeciee  were,  in  like  mannert  tend  in  thoee  deponila 
wherein  the  fineneaa  of  their  pattlolea»  and  the  abaenoe  of  pebblea,  iai* 
plied  that  they  were  aeenmnlatad  in  a  daep  eea»  or  ftr  Iron  ahore.  Thia 
anther  firat  renmrked  the  dternation  of  marine  and  lieah-watar  atnta  in 
the  Pteia  baain.* 

Jbflif<— TVilOv  1703.— A  lively  eontromay  aiDie  between  FWlle  and 

another  Italian  naturalist.  Testa,  concerning  the  tiah  of  Honte  Bdea,  in 

1703.   Their  letters,!  written  with  great  spirit  and  ekgance,  show  tha 

•  Sdggio  onLtograiico,        1780,  and  otiier  Works, 
t  Lett,  ftui  Fesci  Foosiii  di  Bolca.   Milaa,  1793. 
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tiray  were  aware  that  a  large  proportion  of  the  Sttbapennine  afaeUs  weie 
identleal  with  living  species,  and  aonie  of  thea  with  speciea  now  liTing 
in  the  torrid  xone.  Fortls  propoaed  a  somewhat  faneifal  oonjeettire»  thai 
when  ilie  voleanoa  of  the  Yieentin  were  boningt  the  watera  of  the  Adri- 
atic had  a  higher  tenperatore  $  and  in  this  manner,  he  said,  the  shells  of 
warmer  regions  may  once  hsTe  peopled  their  own  seas.  But  Testa  was 
disposed  lo  think  that  these  species  of  leslaccu  were  i^till  comniou  lo  their 
own  irui  lo  equinoclia.1  seas:  fur  riKiny,  he  baitl,  once  supposed  to  be  con- 
fine J  lu  hotter  regions,  had  been  afterwards  discovered  in  the  MeUiter- 

Cortesi — ^Spulhinzani — WaUtrius — If  'h itehurst, — "While  these  Italian 
naturalists,  tofreihtr  with  Cortesi  and  Spallanzani,  were  busily  engaged  in 
pointing  out  tiie  analogy  between  the  deposites  of  modern  and  ancient 
seas,  and  the  habits  aod  arrangement  of  their  organic  inhabitants,  and 
while  some  progress  waa  making,  in  the  same  coontry,  in  inTestigating 
the  ancient  and  modem  Yolcanic  rocks»  some  of  tlie  moat  original  obsenr* 
era  among  the  English  and  German  writers,  WliitebursCf  and  Wallerius, 
were  wasting  their  strength  in  contending,  according  to  the  old  Wood- 
wardian  h  jpotheaia,  that  all  the  atiata  were  formed  by  the  Noaehian  delnge. 
Bnt  Whitehntat'a  deaeription  of  the  roeka  of  Derbyshire  was  most  faitb* 
fd  $  and  he  atoned  for  false  theoietieal  viewa*  by  providing  data  for  their 
lelbtation. 

PtfflkS"  fiiwiifurfe'^^Towatda  the  etom  of  the  eighteenih  century,  the 
idea  of  diatingoishing  the  mineral  massea  on  onr  globe  into  separate  groupa» 
and  atndying  their  relations,  began  to  be  generally  difluaed.  Pallas  and 
Sanaanre  were  among  the  most  celebrated  whose  labonra  contributed  to 
this  end.  After  an  attentive  examination  of  tlie  two  great  monnlain 
chains  of  Siberia,  Fallas  announced  the  result,  that  the  granite  rocks  were 
in  the  middle,  the  schistose  at  their  sides,  and  the  limestones  again  on  the 
ouLside  of  these  ;  and  lliis  iu;  couccivetl  would  prove  a  general  law  in  the 
formaiiOii  of  all  cliaias  coin[)osed  cliietly  ol  pnuiary  rocks4 

In  Iiis  "  Travtls  in  Russia,"  in  1793  and  1794,  he  made  many  geolo- 
gical i)t)S(  rvalious  on  the  recent  sirata  near  the  Wolga  and  the  Caspian, 
and  adduced  proofs  of  the  greater  extent  of  the  latter  sea  at  no  distant  era 

'  itiia  argument  of  Te.sU  hdis  been  strengthened  of  late  jcars  by  the  dit»covery, 
that  deafen  ia  shells  hsid  long  been  in  the  habit  «^  selSag  MedHsitaiwaii  apeeies  as 
aiiaUa  of  more  soothsiii  sad  diitant  latitodes,  Ibr  the  aako  of  snhaaehig  their  ptioe. 
It  appeals,  aweoTer»  ftoia  sevsial  hundred  ozperiments  made  by  thai  distinguui)^ 
bydiogn^her,  Captain  Smyth,  on  the  water  within  eight  fathoms  of  tlie  surface,  that 
the  temperature  of  the  Mediterranean  is  on  an  avprn^r  of  F.ihn'nheit  higher  than 
the  western  part  of  the  Atlantic  ocean ;  an  iinjuri  uu  I  ut,  wlm  h  m  Rnme  dfqreeinay 
help  to  explain  why  many  species  are  common  to  tropical  latitudes  and  to  the  Medi- 
terranean. 

t  Inquiry  into  the  Original  Stats  and  Fofualinn  of  the  Earth.  177S. 

t  Ohaenr.  on  the  Foimation  of  Moontahis.  Aot.  Potrop.  ann.  1778,  part  i. 
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k  the  aardi'a  hiHoiy.  HumtsioltontiiftMiboMoCSibtnftiiltniet- 
«d  alieation  Mi  Mnid  of  itm  moat  asaiikablo  phinone w  in  fiologj.  H» 
aUrtad  thai  ho  had  iSMiid  ayhinoaann  onii*  ift  the  firoMi  aoilt  villi  tti 
•kiA  aad  Hmht  m  ehfiliMii^  fiHmd  aAaraaidt  is  i  mtm  of  ieo  on  tho 
•lioni  of  the  North  iii*  lemoied  all  donbt  aa  to  the  aoBDiaoj  of  ao-  won* 
ilatfoladfaeofoiy.* 

The  aiibjoata  nlatiof  to  Batand  hlatoty  whiah  engaged  the  atteaikwi  of 
NIaa»  weio  too  nraltifarlooe  to  edont  of  hta  deioliDf  a  large  sham  of  fair 
h^ora  exclusively  u>  gculugy.  Saussure,  on  the  other  hand,  employed 
the  chief  portion  of  his  lime  in  study  inc  the  structure  of  the  Alps  and  Jura, 
and  he  pruvitleti  valuable  data  fur  ihose  who  lolU)Wccl  luni.  He  did  not 
pretend  to  deduce  any  general  system  from  his  uumerous  and  interesting 
obaervaiituis  ;  and  the  few  theoretical  opinions  which  escaped  from  him, 
seem,  like  those  of  P^illis,  lo  hnve  been  chiefly  derived  from  the  coamoio- 
gicai  ^peculalioo«  ot  preceiUug  wuier«. 


CHAPTER  IV. 

* 

HISTORY  OF  THE  PROGRESS  OF  Oi:OL0O¥-— COIllmU€tf. 

Wefae«>  AppBeeta-ar  Oeology  te  tba  Ait«f  Waiog^Eaoenifa  €?barwter  of  Ua 
Imetam  Bathastoi  of  Ida  Pa|»la^Hit  AollMcitj^-aii  thiwaUml  Imia— 
Detmarett'f  Map  and  DoMriplioo  of  Awatiaa  (p.  g?.)— Cbitfga tony  batwata  the 

Vulcantatii  and  Neptoflwrta<--Inteoipeiaiio«  of  ihr  rival  Sects — Hutton's  Tbeoty  of 
the  Earth — His  Discovery  of  Grnnifo  Veini  (p.  70  — Originality  of  hi«  Views- 
Why  opposed — Plnyfair's  Illustrations — Influence  ul"  \  oltaire's  Wrii  hil^s  nn  Ge- 
ology (p.  7'<i.) — Iiuputatiuus  ca»t  on  tlie  Uuttooians  by  Williams,  Kirwan,  and  Dc 
law  BaiHh*>  Map  of  England  <p.  77.)— Oaalqgioal  Societj  of  London— Progress 
of  tha  floionoa  in  Fnaea— Giowing  Impoitanoa  of  tbo  Stody  of  Oiganio  Banaiaa 

fVerner^rum  art  of  mining  has  long  been  taught  in  Franee*  Gemiaiiy« 
and  Hungary,  in  scientific  inatitaikms  establiahed  for  that  ^mpoeet  whaoa 
muMniegy  hM  eiweya  heeo  a  prinoipel  hcaaeh  of  iMtfoethHi^t 

•  Nov.  Comm.  i'etr.  XVII.    Cuviur,  Eloge  de  Palias. 

t  Our  miners  have  been  Iei\  to  themselves,  almost  without  the  itnriftanci'  oi' 
aaiaatMi  lieifcf  iatke  Safliih  laofaaga,  and  without  any  «<  school  af  mines,  to 
Maadw  tliair  oiim  way  lata  acortain  dagiae  of  ptaoiieal  AiB.  Thn  InanMmirfsaoii 
of  thio  want  of  tyttem  in  a  ooontry  wheia  so  moeh  oapilal  ia  oxpended,  aad  oAm 
wasted,  in  mining  adventores,  has  b^n  well  exposed  by  an  eminent  piastical  ariaar. 
—800  »  Proiyootaa  of  a  Sebool  of  Miaea  ia  GocawaU,  by  J.  T^ior»  1881.** 


Wenier  wat  nMBed»  In  1775,  professor  of  that  science  in  iho  School 
•f  MtiM««"  at  Frejborg,  in  Saxony.    He  directed  his  atiyiuion  not  morely 

the  €010 position  »nd  external  characters  ol  minerals,  but  aiso  U)  what 
ho  tormed  "^og-nosy,  "  or  he  natural  posUion  oi  minerals  in  parliculiwr 
rocke,  loireilier  wiili  the  i^roiipuig  of  those  rocks,  their  ^rpficrraphical  die- 
tribuiion,  aiul  various  relaiiOiis.    The  phenomena  ol>sf'r\  uil  in  llio  structure 
of  the  glube  Jiad  hitherto  served  for  litUe  else  than  lo  furnisli  interesting 
topics  lor  philosophical  discussion:  but  when  Werner  pointed  out  tliaur 
appUeation  to  the  pmctical  purposes  of  roiniog,  they  were  instantly  !•» 
e^rcled  hy  a  large  class  of  men  as  an  essential  part  of  their  prflfftiiftnal 
edacatioQt  and  from  that  time  the  science  was  cullivatad  io  Eulope  moia 
mxdemlf  mod  systematically.    Weciier*s  mind  was  at  once  imaginatift 
and  tiMy  stored  with  misceUancoos  knowledge.    He  asaocialed  every 
tlnflif^iiii'liia  labourite  scieuice,  a»d  in  kw  exeuraire  lectures  ha  pointad 
o«t  all  the  aeoDomieal  uaaa  of  miamla.  and  their  ap|iUaalion  to  mcdieioa : 
tha  iBfloaiice  of  thenbeiil  eompaailioft  of  rocka  upon  tha  aoil^  and  oftha 
aoU  apon  lha  iiaaow«aa»  waaldi,  and  einliaaAion  of  man.  Tha  vaat  aandy 
plaiaa  of  Taitaiy  and  Africa^  ha  would  say,  mlainad  their  inhabitanta  in 
tha  abnpo  of  wa^iMnf  ahaphaida;  the  granitie  nounlaina  and  the  low 
ealeafeow  and  aiHpial  plajna  gava  riaa  to  dtfloranl  manners,  degraea  of 
waaltht  and  intallifanea.   Tho  hiatory  av«n  of  languages,  and  the  migra- 
tiona  of  trilMa,  had  been  determined  by  the  direction  of  particular  strata. 
The  qualities  of  certain  stones  used  in  building  would  lead  him  to  dc^caul 
on  the  architecture  of  ditfcrenl.  ages  and  iialions  ;  and  llie  physical  gcog- 
rnphy  of  a  country  fre(j iioiitly  invited  him  to  treat  of  iuiiilary  tactics.  The 
c}i:irrn  of  his  manners  and  his  eloquence  kmdled  enthusiasm  in  the  minds 
oi  his  pupils  ;  and  many,  wlio  had  intended  at  tlrst  only  to  acquire  n  slight 
knowledge  of  rnincralrjiry,  wiit  ii  tliev  had  once  heard  him,  devoted  them"- 
selves  to  it  as  the  buaine.«B  of  iheir  lives.    In  a  few  yeors,  a  small  school 
of  mines,  before  unheard  of  m  Europe,  was  raised  to  tiie  rank  of  a  great 
■DiTersity ;  and  men  already  distinguished  in  science  studied  the  German 
language,  and  came  iirom  the  moat  diataai  conntrioa  to  haar  tha  gmat 
oracle  of  geology,* 

Weraar  had  a  gmal  antipathy  to  the  maahanieal  labour  of  wriiiogt  andt 
widi  tho  exooplion  of  a  minahla  treatiaa  on  mfftaliferona  vaina,  ha  aoold 
nam  be  paianaded  to  pan  more  than  a  ftw  brief  memoirai  and  thoaa  pon* 
taad^g^mo-  iloaalopaMnt  of  hia  goaeral  Tiawa*  Although  the  natiial 
medaatf  of  Ida  diapoaition  was  ezeeaalve,  appioaehinf  even  to  timldilf » 
he  indoiged  in  tha  most  bold  and  aweeping  geneialixationa*  and  he 
faiapired  ril  hia  aeholam  with  a  moat  implicit  faith  In  hia  doetriaee« 
Their  admiration  of  hia  geniua,  and  the  leelinga  of  gratitude  and  friend- 
ship whieh  they  all  Mt  for  hhn»  were  not  ondaaerred;  but  tho  aupveme 

*  CBTier,£k>ge  de  WanMC 
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tothority  usurped  by  him  over  the  opinions  of  hit  eontemporariM  WM 
eTentoaliy  prejudicial  to  the  progress  of  the  science «  so  idimjIi  lOy  w$ 
greailv  to  counterbalance  the  advantages  which  it  derived  from  his  exer» 
lions.  If  it  be  true  that  delivery  be  the  first,  second,  and  third  requisite 
in  a  popular  orator,  it  is  no  less  certain  that  to  travel  is  of  lirst, 
second,  and  third  importance  to  those  who  desire  to  originate  just  and 
comprehensive  views  concerning  the  structure  of  our  globi*.  Nnw  Wer- 
nrr  liad  not  Irnvt  llcd  to  distant  countru  s  ;  lie  had  merely  exphired  a  small 
portion  of  Germany,  aiul  conceived^  and  peryiiiulcd  others  to  helieve,  that 
the  whole  surface  of  our  planet,  and  aii  the  mountain  chains  in  the  world, 
were  made  after  the  model  of  his  own  province.  It  became  a  ruling 
object  of  ambitioD  in  the  minds  of  hit  pupils  to  confirm  the  gencraliza- 
lioiis  of  their  great  master,  and  to  discover  in  iIm  iBOttdistant  parlfof  ih« 
globet  his  onivenal  formations,**  which  he  supposed  had  beem  mdk  im 
■aeeewion  limvllaiieously  precipitated  over  Um  whole  earth  fron  a  cooi* 
mtn  menstruum,  or  chaoiie  fluid."  it  now  oppom  that  tho  flsaon  pnn 
Ibaaor  bad  iDiiiiiioff|iniid  Mqr  of  tho  Doat  inpatlni  appaataaoai  ami 
in  Ao  immodtale  neig hbonriiood  of  Ftajrhaff •  Tfatit^  Ibr  «xaaiplo»  wtildift 
a  day's  jonnaj  'of  hit  aehool*  tho  porphyiy,  eaUad  bj  bin  iwiMititv^ 
baa  bfon  foond  not  only  lo  aand  fortb  fauia  or  dikea  ibioogb  atnla  of 
ooal  fomaftoni  but  la  ovorlio  Ibon  in  naaa.  Tiw  gianila  of  tbo  Hails 
mounlalna*  on  iHo  other  hand,  wbloh  be  supposed  to  bo  tho  nncioaa  of  th« 
obain,  ia  now  waU  known  to  tiovoise  and  braaob  tbo  other  bads,  peoo* 
tfofhig  even  into  the  plabi  (aa  near  Goalar) ;  and  atitt  nearer  Freyberg,  in 
the  Erzgebirgt,  the  mloa  elate  does  not  mantle  round  the  granite,  as  was 
supposed,  but  abuts  abruptly  against  it.  Fraj^meniii,  also,  of  the  grey- 
wack6  slate,  containing  organic  remains,  have  rr(  etuiy  been  found  euiaa- 
gled  in  the  granite  of  ihe  llarlz,  by  M.  de  Sccknuiorf.* 

The  principal  intrit  of  Werner's  system  of  losirueiKm  consisted  in 
stenthly  directing  the  attention  of  his  schobrs  to  the  roiislar»t  relations  of 
aupf r[M'siuitn  of  certain  iinnfrai  groups;  but  he  had  been  anticipnied,  as 
has  been  ^li(>\s  n  in  the  last  chapter,  in  discovprv  of  this  ijrnerai  law, 
by  several  Lrcoloo^isis  in  Italy  and  elsr  w  ficre;  and  his  ieadimr  iJivisioos  of 
the  secondary  strata  w(  re,  nt  the  same  time,  and  independently, avide  the 
basis  of  an  arrangement  of  the  British  strata  by  onr  eonntiyinan>  Wi&> 
11am  Snnth,  to  wlMoe  work  I  shall  presently  return. 

Controverity  betwun  the  VulcanxBtB  and  Ntpkmhh. — In  regard  lo 
bai^alt  and  otlior  ignaooa  mcks,  Werner's  theory  was  origioal,  but  it  wm 
also  extremely  erroneous.  The  basalta  of  Saxony  and  ileeee,lo  whieb  lui 
obeerratione  wore  ebiedy  oonfinod,  eonalatod  of  tabnkr  maaeea  eapping 

•  t  am  iadstitod  ftr  tMs  tnihtiiistiso  paitfy  ta  BisgMa.  asigwiek  anJ  Mowtfcuo, 
who  hs?a  toveatigated  the  countey,  sad  purtiy  to  Dr.  HartnuHi  of  Bbakeaboigi  the 
tiaaslstnr  of  this  wsik  iota  Osssmb. 


the  hills,  and  not  connected  witii  tiie  levels  of  existing  valleys,  like  many 
ill  Auiergae  and  the  Vivarais.  These  hasalta,  and  all  other  rocks  of  ihe 
same  family  in  other  coiinlries,  were,  cordnij;  lo  him,  chemical  precipi- 
tates from  water.  He  denied  timt  they  were  the  products  of  ftul)[]i:iriiie 
▼olcanos;  and  even  taught  that,  in  the  primeval  ages  of  the  world,  there 
were  no  volcano?.  His  iheor\'  \sas  ojifioscd,  in  a  iwofold  sensCf  to 
dortrine  of  the  permanent  agency  of  the  same  causes  to  nature ;  iog  ufi 
only  did  he  inlroduce,  without  scruple,  many  iBMginary  causes  toppottd 
to  have  once  effected  ^mi  imlMlioni  in  the  earth,  mud  ibMi  to  hiva 
Imoqm  ejt&iiieli  hut  new  mm  tlto  WM  feigned  to  ham  eoow  into  play 
is  nd—  times ;  ai»l«  thM  ill,  tM  ttoti  vmImiI  iotlfaiMnI  oC  oImi^ 
tlw  ^gity  «f  ml^rranean  fire. 

80  e«ly  1768,  befci*  Wmtr  bad  eommanced  hit  nuMialmM 
•l«diM»  Baip»  tod  inljr  ctonsHrind  Ito  banto  of  Haaa*  aa  of  jgaaoiui 
•Hgin*  Afdbiaot  a*  w  tow  alraady  am,  had  poiiUed  out  Mnoniao 
wioilao  of  tmp-ffook  lo  tto  Tkantia  aa  aaakjgooa  to  foltaoio  pradooUi 
oadaadiMioodyiofoiiUotoaaflk&iaotoMrioooiopUoiia.  Doaoiaraatvoa 
bolbioaialidy  tod«  in  ooaipany  wUh  Fortiai  ozaniiaad  ito  Vicantio  in  1706» 
md  oontoid  Aidnioo*a  viowo.  In  1779,  Bonto.  Sdlaodor,  and  Trailt 
coofVondltoeotenniaffboaaltorHoebwithltotofltollobri^aa.  Oollini* 
in  1774»  laeogniaad  ito  tnio  natwo  of  ito  ignoona  roeto  00  Uio  Rhine, 
totvm  Andemaeh  aad  Bono*  In  1775,  Oootlaid  ▼iaitod  the  Virarais, 
and  esublished  the  relation  of  basaltie  oorfeata  to  lavas.  Lastly,  in  1779, 
Faujas  pub!i?he(.l  his  description  of  the  volcanos  of  the  Vivarais  atui 
Velay,  and  showed  how  the  streams  of  basalt  had  poured  out  iiom  cra- 
ters which  sliU  reinaiu  in  a  perfect  state.* 

Defmare$t,^W hen  sound  opinions  had  thus  for  twenty  years  pre- 
vailed in  Europe  concerning  the  true  nature  of  the  am  icnl  irap-rocks, 
Werner  by  his  yiiujilc  dieiuiri  caused  a  retrograde  ijiovenient,  ;ui(l  not 
only  overturned  the  true  theory,  but  substitute il  for  it  one  of  tlio  most 
uuphiiusopiucai  that  can  well  be  imagined.  The  continued  asccndaiu  y 
of  liis  dogmas  on  this  subject  was  the  more  astonishing,  because  a  variety 
of  nev  and  alvikiof  facts  were  daily  accumulated  in  favour  of  the  correct 
opiniona  pnviously  entertained*  JJeaaiareai,  after  a  oareful  examination 
^ Aofoifoo^  |ioinled  out,  firstt  the  most  recent  ▼okanoa  which  had  their 
ontom  olIU  onlllo»  and  their  streams  of  lava  conforming  to  the  level  of 
tto  pwaont  riti^ooniaaa*  Ho  ttoo  ahowed  that  theie  were  others  of  an 
intannodioio  opoalit  whoao  enlafa  wova  nearly  oAoadt  and  wbooa  lavaa 
woflolaoa  intimately  connaeted  with  Ito  pioaaot  Yalloya;  and,  laady,  that 
Aon  wavo  iFoloanio  rosto,  atill  mom  anciani,  wilbool  any  diaoemible  cm- 
tOM  Of  OOOIUO,  and  beaiinf  Ito  idoaaal.analofy  to  roeto  in  other  porta  of 

*  Covisr,  Bloge  ds  Dssiosseit. 
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Europe,  the  igaeoua  oiigiii  of  whioli  was  cknied  by  tbe  school  of  Frey- 

Desmaresl's  map  of  AuTttgne  was  a  work  of  rnicomnion  merit.  He 
.  first  made  a  trigonometrical  earvey  of  the  district,  and  delinemed  its  phy- 
ileal  geography  with  mitiiite  aeenraoy  and  admirable  graphic  powtr.  He 
Mtrived,  at  the  same  iime,  to  express,  without  tlie  aid  of  eoloani»  a  vase 
qnanUty  of  geological  defaSl,  the  diflbiont  ages,  and  sometimes  even  tbe 
scmetare,  of  tbe  voleanie  Toeks,  distingvishlng  tbem  from  the  fteih-wsier 
end  the  granitic.  They  alone  who  have  earefoUy  stodied  Aiivergno«  and 
traced  fh6  different  laTawrtreams  from  their  eraters  to  their  tsrmlnalkMi^ 
tho  varions  isolated  basaltic  coppings,  tbe  relation  of  «oim  lavas  to  tbo 
present  valleys*— the  ahsenee  of  soch  lelatioiM  In  othenrr-can  oppreeiats 
the  cfxtraordinary  Melily  of  tbia  elaborate  work*  Ho  other  dtstriet  of 
eqnd  dimensions  in  Europe  exhibits,  perhaps,  so  beantilbl  and  varied  a 
series  of  phenomena ;  nnd,  fortunately,  Desmarest  possessed  at  once  die 
mathematical  knowledge  required  for  the  eonstnicuou  of  a  map,  sIliU  in 
mineralogy,  and  n  power  of  original  generalization. 

Dolomieu — Monilosier. — Dolomicu,  another  of  Werner's  contempora- 
ries, had  found  prismatic  basalt  amonir  the  ancient  lavas  of  Etna;  and,  in 
1784,  l.ad  observed  the  alternations  ol  subinanne  lavas  and  calcareous  strata 
in  the  Val  di  Nolo,  in  Sicily .t  In  1790,  also,  he  dpBcribed  similar  phe- 
nomf*na  in  the  Vicentin  and  in  the  Tvrol.t  MnniUtsler  published,  in 
1788,  an  essay  on  the  theory  of  the  volcanos  of  Auvergne,  combining 
accurate  local  observations  with  comprehensive  Ticvrs.  Motwithstandiug 
this  mass  of  evidence^  the  scholars  of  Werner  were  prepared  to  support 
his  opinions  to  their  utmost  extent ;  maintaining,  in  the  fulness  of  their 
faith,  that  even  obsidian  wn?  an  aqneons  precipitate.  As  tbey  wore 
blinded  by  their  veneration  for  the  great  teacher,  they  wera  impatient 
of  opposition,  and  soon  imbibed  the  spirit  of  a  faetioBt  and  their  o|^>o> 
nenis,  the  Vnlcanists,  were  not  long  in  becoming  contaminalod  with  the 
same  intemperate  zeal.  Ridicule  and  irony  were  weapons  motn  fm* 
qoendy  employed  than  argument  by  the  rival  sects,  till  at  last  the  eoiMro> 
vefsy  was  carried  on  with  a  degree  of  bitterness  almost  onpracedented  ie 
questions  of  physical  science.  Desmarest  alone,  who  l»d  long  belbfo 
provided  ample  mateilalk  for  refuting  such  a  theory,  kept  aloof  fmm  the 
strife ;  and  whenever  a  zealoos  Neptunist  wished  to  draw  tbe  oM  man 
into  an  argument,  he  was  satisfied  with  replying,     Go  and  see."§ 

Huilotit  1788. — II  would  be  contrary  to  ail  analogy,  in  matters  of 

*  Joium.  dc  Fhys.  vul.  xiii.  p.  115 ;  aod  M^m.  de  I'last.,  Sciences  Math^miil.  et 
niys.T*l.  vl.  p.M9. 
t  Jotmi.  de  Pbys.  torn.  xzv.  p.  191. 
t  lb.  torn,  xxxvii.  part  ii.  p.  200. 
§  Covier,  £loge  de  Deamarasi. 
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graver  import,  that  a  war  thould  rage  with  such  ftiry  od  the  continent,  and 
that  the  inhabitants  of  our  isUnd  should  not  nii«gk  ia  lha  affmjr; 
Although  in  England  the  pmonal  inflneoee  of  Werner  was  vaalbf 
•linialate  men  to  the  defence  nC  the  vmker  side  of  the  qu«iliM«  they 
maMimd  to  find  good  won  far  fiwnitny  tha  Wiinwiiii  etrofa  wilh 
gvaat  andmiiaaBi.  In  osdar  la  ezpim  tha  pawliar  matttaa  wfaiakM 
■way  to  anl«g,ayao  with  par^feidiVg,  into  thia  Ban<ait,Hwffl 
any  to  piaaant  tha  vaadar  with  a  akalch  af  tha  viawa  nnfaldad  bj  Batton» 
«  contonpamy  af  tha  Saxon  gadogiat.  Tha  fannat  natnrdiat  bad  baatt 
adncatad  aa  a  physiciin,  hnt,  daalining  tha  pnstiaa  af  Madiaina.  ha 
laaaltadt  whan  yaaag*  to  taatoin  contant  with  tha  Miall  indapandenea 
inhariiadlf«ahiafath«r»aadthanailafth  to  giva  hia  nndifidad  ationtiaB 
to  aoMniifia  pniaatta*  Ha  midad  at  £dhibaigfa»  wham  ha  enjoyed  tha 
aoaiaty  af  atonj  inan  of  hii^  atlabinant|i»  wha  hitad  him  lor  the  ainipli> 
aity  of  his  naanari  and  tha  riaaedtf  of  hia  afaanatar.   His  application 
was  unwearied ;  and  he  made  frequent  tours  through  different  parts  of 
Knglaml  ami  Scotland,  acquiring  considerable  skill  as  a  mineralogist,  and 
constantly  arrivmg^  al  grand  and  coinjirehensive  views  iii  geolog'y.  He 
com iniiincalLMl  ilie  resulU  of  hii  observalion.s  unreservedly,  and  with  the 
fearless  spirit  of  one  who  was  conscious  lhai  love  ol  Irulh  wai  ihe  sole 
sumuius  of  ilia  exertions.    When  ai  len'jih  he  had  matured  hia  views,  he 
pul)li«thc(l,  in  17^8,  his  **T!icory  of  the  Earth,'**  and  the  same,  after- 
wards more  fully  developed  in  a  separate  work,  in  1705.    This  treatise 
was  the  first  in  which  geology  waa  declared  to  be  in  no  way  concerned 
about  ««qnaalion8  as  to  tha  arigin  of  things;"  the  first  in  which  an 
attompc  was  made  to  dispanaa  entirely  with  all  hypothetical  aaataa,  and 
to  axphdn  tha  fimnar  Ganges  of  the  earth^f  crust  by  reference  exdn« 
aivaly  to  natand  aganta.   liatton  laboured  to  giva  fixed  prinaiplaa  to 
gaalagy*  aa  Nawton  had  aoMadad  in  daiag  to  aatronawy  t  bat*  m  tha 
fcrmar  aeianaa»  taa  litila  piagtata  had  ban  made  towaida  Auniahing  tha 
iimiaaaai'>  data*  to  anaUa  any  philaaaphart  hawam  giaat  hia  gaohwi  to 
laaliaa  aa  aabla  a  projeat 

UuUommt  ihtory^^Ttib  rahv  af  an  aldar  waiid/'  aaid  Hnttant 
*«ava  fMMa  In  tha  piaaant  atraeuna  af  anr  phmat;  and  lha  atiala  whiah 
naw  compose  our  continents  hava  baan  oaoa  banaath  tha  aas,  and  were 
formed  out  of  the  waste  of  pre-existing  continents.  The  same  forces  are 
still  destroying,  by  chemical  decomposilion  or  mechanical  viulciice,  even 
the  hardest  rocks,  ami  iransportinc-  the  niuLcrials  to  the  tea,  where  they 
are  spread  out,  and  form  str  ii  i  analagoiis  to  those  of  more  ancient  date. 
Although  loof«rlv  d(  p  jsiied  uloni.'  the  boiloai  of  the  ocean,  they  become 

?iftpr\vards  altered  and  consolidated  by  Tolcanie  heat,  and  then  heaved  up, 
iiacuuad,  and  contorted*" 

•  £fl.  Phii.  Traaa.  J7c<j. 


Digitized  by  Google 


90  UUTTONIAN  THfiOAY.  {BaA  I 

Although  Hulton  had  never  explored  any  region  of  active  volcano?,  lie 
had  convinced  himself  that  basalt  and  many  olhcr  Irap-roeks  we  re  of 
igneous  origin,  and  that  many  of  them  had  been  injected  in  a  melted 
8Ut«  through  fissures  in  the  older  strata,  'i'he  compactness  of  these 
rocks,  and  their  different  aspect  from  thai  of  oidinary  lava»  btf  attribnled 
to  their  having  cooled  down  under  the  pressure  of  the  aea ;  and  in  order 
to  remove  the  objections  started  against  ibis  tlieory*  bis  friend,  Sir  James 
Hall,  institoted  a  most  curious  and  InstmeliTe  series  of  cheorieal  experi- 
ments, iUastrating  the  ohrjataUine  arrangemeai  and  textnra  asBDiiied  kf 
melted  matter  cooled  under  high  preasne. 

The  absence  of  stntification  in  granite,  and  its  anslogj,  in  mtneral 
character,  to  rocks  which  he  deemed  of  igneous  origin,  led  Iloiton  to 
conclude  that  granite  also  must  hate  been  formed  from  matter  in  fusion; 
and  this  infeience  he  felt  could  not  be  fully  confirmed,  onlese  hedieeovefsd 
M  the  oontsci  of  granite  and  other  strata  a  repetition  of  the  phenomenn 
exhibited  so  constantly  by  the  trap^rochs.  Resolved  to  try  his  theory  by 
this  test,  he  went  to  the  Grampians,  and  sonreyed  the  Kne  of  junction  of 
the  granite  and  superincumbent  stratified  masses,  until  he  found  in  Glen 
Tilt,  in  1785,  the  most  clear  and  unequivocal  proofs  in  support  of  hiS 
views.    Veins  of  red  granite  are  there  seen  branching  out  from  liie  prin- 
Ctpal  mass,  and  traversing  the  black  micaceous  schist  and  primary  limestone. 
The  intersected  stratified  rocks  are  bO  distinct  in  colour  and  appearance 
as  to  render  the  example  in  that  locality  most  striking,  and  the  alteration 
of  the  limestone  in  contact  was  very  analogous  to  that  produced  by  trap- 
veins  on  calcareous  strata.    Tiiis  verification  of  his  system  filled  him 
with  delight,  and  called  forth  such  marks  of  joy  and  exultation,  thai  the 
guides  who  accompanied  him,  says  his  biographer,  were  convinced  that 
he  must  have  discovered  a  vein  of  silver  or  gold.*   He  was  aware  that 
the  aame  theory  would  not  explain  the  origin  of  the  primary  sehisis,  hot 
these  he  called  primary,  rejecting  the  term  primitive,  and  was  disposed  to 
consider  them  as  sedimentary  rocks  altered  by  heat,  and  thai  they  origi- 
nated in  some  other  form  from  the  waste  of  previonsly  existing  rocks. 

By  this  important  discovery  of  granite  veins,  to  which  he  had  been  led 
by  fair  induction  from  an  independent  class  of  facts,  Hotton  prepared  the 
way  for  the  greatesi  innovation  on  the  systems  of  his  predecessors.  Yal* 
lisnerl  hsd  pointed  out  the  general  fact  thai  there  were  oertain  fundamental 
rocks  which  contained  no  organic  remains,  and  which  he  supposed  to 
have  been  formed  before  the  creation  of  living  beings.  Moro,  Generelli, 
and  other  Italian  writers,  embraced  the  same  doctrine  ;  and  l^eluiiau 
regarded  the  mountains  called  by  him  primitive,  as  p:iris  of  the  original 
nucleus  of  the  globe.  J'lie  same  tenet  wua  an  article  of  faith  in  the  school 
of  Freyberg ;  and  if  any  one  ventured  to  doubt  the  possibility  of  our 

*  Pl&yfair's  VVark«,  vol.  iv-  p-  75. 
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being"  enabled  to  carry  back  our  researches  to  the  creation  of  the  present 
order  of  ihaigs,  the  graiuiic  rocks  were  (riiimphaiiily  appealed  to.  On 
them  seemed  wni^u,  in  legible  cbarac^rs,  the  memorable  iaseripUon — 

Dinan^i  a  lue  noa  fur  GOM  crefkle 
,  •    Se  DOQ  «terne  y 

and  no  sm;  11  sensaiioa  was  excited  when  Hntton  seemed,  with  unhallowed 
fianJ,  desirous  to  erase  characters  already  legarded  by  many  as  sacred. 

Irr  the  economy  of  the  world,"  said  the  Scotch  geologist,  *•  I  can  fiud 
no  iraee*  of  a  beginning,  no  prospect  of  an  end  ;**  a  declaraliou  the  more 
startliog  when  coupled  with  the  doririnf,  that  nil  past  changes  on  the 
globe  had  been  brought  about  by  the  slow  agency  of  existing  causes. 
The  imagination  was  first  fatigued  and  overpowered  by  endeavouring  to 
conceive  the  immensity  of  time  required  for  the  annihilation  of  whole 
continents  by  so  insensible  a  process ;  and  when  the  thoughts  had  wan- 
dered through  these  interminable  periods,  no  reatingpUee  wee  assigned  in 
the  remoleai  distance.  The  oldeat  rocha  were  represented  to  be  of  a 
cleri?atiTe  nature,  the  leaf  of  an  anleeedent  aeriea,  and  that»  perhapa,  one 
of  manj  piMxIatiog  worlds*  8oeh  views  of  the  immenaity  pf  past 
time,  like  thoae  uufolded  by  the  Newmniaa  philoaophy  in  regard  to 
epoee,  were  too  vast  to  awaken  ideaa  of  auUinity  unmixed  with  a  painful 
eenae  of  our  incapacity  to  eeoeeive  a  plan  of  auchinilniteostent.  Werlde 
sure  aeen  beyond  worlde  imiDeaatirahly  dialant  from  eaeh  other,  and, 
beyond  them  alU  innumerable  other  ayatena  arefainl^  traeed  on  the  eon* 
finca  of  the  visible  nnivene. 

The  characteristic  feature  of  the  Huttonian  theory  was,  as  before 
hinted,  the  exclusion  of  all  causes  not  supposed  to  belong  to  the  present 
order  of  nature.  But  Hullon  had  made  no  .step  beyond  Hooke,  Moro, 
and  Raspe,  ia  poiniing  out  in  what  manner  the  laws  now  governing  sub- 
terranean movements  might  bring  about  geological  changes,  if  sullicient 
time  he  allowed.  On  the  contrary,  he  seems  to  have  fallen  far  short  of 
Bonic  of  their  views,  especially  when  he  refused  to  attribute  any  part  of 
the  cxu  rnd  configuration  of  the  earth's  crust  to  subsidence.  He  ima- 
gined that  the  continents  were  first  gradually  destroyed  by  aqueous 
degradation ;  and  when  their  ruins  had  furnished  materials  for  new  con- 
tinents, they  were  upheaved  by  violent  convulsions.  He  therefore 
required  alternate  perioda  of  general  disturbance  and  repose;  and  aoch 
he  believed  had  been,  and  would  forever  be,  the  course  nainre. 

Generelli,  in  hie  ezpoaition  of  Moro's  system,  had  made  a  far  nearer 
approximation  towarda  reconciling  geological  appearances  with  the  state 
of  nature  as  known  to  ua ;  for  while  he  agreed  with  Hutlon,  that  the 
decay  and  repiodoctloa  of  rocka  were  alwaya  in  prograea,  proceeding 
with  the  tttnoat  unifomiityt  the  leaned  Carmelite  rapreaenled  the  lepaira 
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of  mmmldns  hy  elerBtkn  from  below  to  \m  cflfetled  by  an  equally  constant 

and  synchronous  operation.  Neither  of  these  theories,  considered  gitiL^ly, 
satisliesi  ull  ibe  conditions  of  the  (jrcai  problem,  which  a  L^euhijri^'t,  w  ho 
rejects  cosin()Iogit:al  causes,  is  called  upon  to  solve  ;  bul  they  pr()i'«ali!y 
contain  together  the  germs  of  a  perfect  system.  There  can  be  no  ih  ubt, 
that  pciiods  of  disturbance  ami  rcjjose  have  followed  each  other  in  suc- 
cession in  pverv  rc;j;ion  of  tlie  globe  ;  but  it  may  be  equally  triip,  that  the 
energy  oi  the  subterranean  movemeuiij  has  been  always  iinii'oi  ni  as  regards 
the  whole  earth.  The  force  of  earthquakes  may  for  a  cycle  of  years 
have  been  invariably  confined,  as  it  is  now,  to  large  but  determinate 
flpacea,  and  may  then  have  gndoally  shifted  ita  potilion,  so  that  another 
region,  which  had  for  agM  been  at  reat,  became  ui  ita  turn  the  giaod 
theatre  of  action. 

Playfaif*9  iUuttrcUUmM  AOton^Tht  eiplanatioii  propoeed  bj 
Batton  and  by  Playfair,  the  Ulnatnitor  of  hie  theory,  reapeeiing  the  origin 
of  TaUeys,  and  of  aUnvial  aeennralntlonft  wee  aleo  veiy  imperfect  Itiey 
tacribed  none  of  the  ineqnalitiea  of  the  etrUi*e  eorfaee  to  moTemenle 
whieh  aoeompanied  the  upheaving  of  the  land,  imagining  that  ^tSUeys  in 
general  were  formed  in  tiie  eonne  of  ages,  by  the  riveie  now  flowing  in 
them ;  while  they  aeem  not  to  have  reflected  on  the  eiea;viting  and  trana- 
porting  power  which  the  wnvei  of  the  ocean  might  eieii  on  land  during 
ita  emergence. 

Although  Hutton*8  knowledge  of  mineralogy  and  chemistry  was  con- 
siderable, he  possessed  but  little  information  concerning  ori^'anic  remains  ; 
they  merely  served  him,  as  ihcy  did  Werner,  to  ehuractoiize  certain 
strata,  and  to  jirovc  iheir  marine  origin.  The  theory  of  former  revolu- 
tions ill  organic  hie  was  not  yel  luliy  recognized  ;  and  wiihout  this  class 
of  prnof.-,  in  support  of  the  antiquity  of  the  ghthe,  the  indefinite  periods 
demaiuicd  by  the  Hnttonian  hyp'iihesis  appeared  visionary  to  many; 
and  some,  who  deemed  t!ie  doctrine  inconpistent  with  revpnled  truths, 
indiilrrrd  very  tincharitablc  suspicions  of  the  niolives  of  its  luilhor.  Thcy 
accused  him  of  a  deliberate  desi^ni  ol  reviving  the  heatlien  dogma  of  an 

eternal  succession,"  and  of  denying  that  this  world  ever  had  a  begin* 
ning.  Playfair,  in  the  biography  of  his  friend,  haa  the  Ibliowiog  com^ 
ment  on  this  part  of  their  theory  : — «« In  the  planetary  motiona,  where 
geometry  haa  carried  the  eye  so  far,  both  into  the  future  and  the  peat,  we 
diaoover  no  mark  eiliwr  of  the  commencement  or  termination  of  the  pr»> 
cent  order.  It  ia  nnreaionabie«  indeed,  to  anppoae  dial  aoeh  marke 
ahonld  any  where  exiat.  The  Author  of  Natoie  haa  not  given  hwe  to 
the  anivene,  which,  like  the  inatitntiona  of  men,  carry  in  themaelvea  the 
elementa  of  their  own  deatmctioo.  He  hac  not  permitted  in  Hie  works 
any  aymptom  of  infancy  or  of  old  age,  or  any  aign  by  which  we 
may  eatimate  either  their  fntnre  or  their  peat  dmalton.  may  pui  en 
end,  Of  Ae  MO  doM  gao%  a  begmning,  to  the  pieient  eyctem,  at  eome 
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determinate  period  of  tlmn  ;  but  we  may  rest  assured  that  this  ^eat 
caln-^lropho  will  not  lir  hrouL^iit  ahoiU  by  the  laws  oow  exisUogy  ajld  that 
it  is  not  indicaled  by  any  thing  which  we  pereeive.*** 

The  party  feeling  excited  against  the  Huttonian  doctrines,  and  the 
open  disregard  of  candour  and  temper  in  the  coMnmny,  will  hardly  be 
ciediied  by  the  render,  unless  ha  secalls  to  his  recollertioii  that  the  miiid 
of  the  English  public  was  nt  that  time  in  a  state  of  feverish  exchentnA* 
A  diM  of  writers  in  Frano*  liad  been  labouring  imliMliicwwIy,  for  mny 
jroftiSf  to  dimuiMi  Ihe  inAmm  at  the  cltigy,  by  nppiof  ibm  Iboodbtioiw 
of  Ihe CbiMan  ISuth;  «h1  iMr  ioeeaw,  mnd  tha  DowoqwiMMi  oC  tht 
Smlmioii,  had  ilanMd  lh9  nott  imIiiIb  miodiv  while  tba  WMgiatlioii 
of  ilie  man  timid  wm  Mlinally  hannlBd  by  dnid  of  ioamtioat  m  by 
the  pbaakMi  of  fooit  finiM  dftun. 

FUMfiv^-Voltdio  bed  med  the  nodern  diieoferiei  in  physiei  ee  ewe  < 
of  the  BniBeiOBe  weopewi  of  eneek  eod  ndieole  diieeled  by  him  agaieet 
tbe  Set iptttiee*-  He  flnrad  thet  the  most  popular  ayeteaw  of  geology  were 
aeeommodated  to  the  sacred  writings,  and  that  much  ingenuity  had  been 
employed  to  make  every  fact  coincid*?  exactly  with  the  Mosaic  account  of 
the  creation  and  deluge.  It  wus,  tlieit  fore,  wiili  no  fneiiUiy  feelings  that 
he  conietiiplaied  the  ciiliivaiors  of  gnolouy  in  pr<^neral,  regnrding  the 
science  as  one  whicli  had  bcca  successively  enlisted  by  ttieologians  as  an 
ally  in  their  cause.!  He  knew  that  the  majority  of  those  w  lio  were  aware 
of  the  abundance  of  fossil  sliolls  in  the  inierujr  of  continents,  were  still 
persu:uJc(j  that  they  were  proofs  of  the  universal  deluge;  and  ihc 
rr;i  in  St  way  of  shaking  this  article  of  faiih,  he  endeavoured  to  ioculcaie 
scepticism  as  to  the  real  nature  of  such  shells,  and  to  recal  from  contempt 
the  exploded  dogma  of  the  sixteenth  century,  that  they  wore  sports  of 
aatare.  He  also  preteoded  that  vegecride  impressions  were  not  those  of 
real  plants.!  Yet  be  wae  pavlbedy  aontrinced  that  tbe  shells  had  really 
belonged  to  living  testaeea,  as  BMy  baeeen  in  his  essay  On  the  fonnap 
tiaii  of  If  0QntaiDa«"$  HewoaldeoMUnee»ia4iAuice  of  elleoMiiteDeyt 
ebift  liie  fsomid  wbas  addiaewaf  Aa  voliari  aad»  adaltliaf  tba  traa 

•  riayfair's  Works,  vol.  iv.  p.  55. 

t  In  allusion  to  the  theoriei  of  Burnet,  W  outlward,  and  other  physico-theolo^cal 
writerdy  he  declared  that  they  were  aa  fund  of  changes  of  scene  on  the  face  of  the 
globe,  as  w«f«  the  popalaw  aim  play.  <'Bfwy  eoeeif  thawdsstssyi  aed  leiWHitsa 
tbeeaitb  aftss his owa lbfci«w, as  Osscaites  fianedlt:  ftr  pfcibMopbsn fnt tbam- 
MlfM  without  caiemoay  in  tbe  piaee  of  God,  and  think  to  cmte  a  ani  verse  wilh  a 
word." — Disflertation  cnvoy^e  ^  TAcad^mie  de  Boulogne,  sur  lea  Changemens 
arrives  duns  notre  Globe,  Tn fortunately,  this  and  nmilar  ridioole  dirsctod  against 
the  cosinogonifst?  was  too  well  deserved. 

J  Sec  tile  ciiapter  on  "  Des  Fierres  figures.'* 

§  la  that  essay  he  lays  it  down,  "  that  all  naturalists  are  now  agreed  flwl  dsjporfW 
«f  sheUs  in  the  mkbt  of  tfw  eoatiaenta  an  monaoients  of  tfao  oontfanied  oeeope- 
HDBof  tbeoadiotriets  by  thooeeoik.*'  la  atiotber  plaee,  abo,  wfaee  speaking  of  tbt 
ftiril  sbsQs  of  Touraiae,  be  adm&W  tbeir  tine  oiigbL 
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nature  of  the  shells  eellected  in  the  Alps  and  other  places,  pretend  that 
they  were  Eastern  species,  which  liaJ  fallen  from  the  hats  of  pilgrima 
coming  from  Syria.  The  numerous  essay wnueu  by  luni  on  guolugical 
suhjfints  were  all  calculated  to  strengthen  prejudices,  partly  btcanse  he 
was  Ignorant  of  the  real  state  of  the  science,  mul  partly  from  his  bad  [aith.* 
On  the  other  hand,  they  who  knew  lhai  laa  alLacks  were  directed  by  a 
(Ifsiro  to  invalidate  SrriptTUP,  and  who  were  unacquainted  with  the  true 
merits  of  the  question,  niiirht  well  deem  the  okl  dihivian  hypothesis 
incontrovertible,  if  Voluire  couid  adduce  no  belief  aiyuoieni  a^ainat  it 
than  to  deny  the  true  nature  of  organic  remains. 

Il  is  od^  by  carafal  attention  to  impediments  originating  in  extrinsic 
causes,  that  w  en  aipiala  tha  siow  and  lalnBlMil  ad«|Aion  of  the  simplest 
tmtha  in  geology.  First,  we  find  many  abb.fifltnalleii  adducing  the  foaail 
leMdae  of  neriae  eoiiMie  ee  proo&  of  aa  evaat  rdaiad  ia  toipcoie. 
The  evideeee  ia  tened  condnflNPe  by  the  neHilmb  let  e  Mtiiiy  or 
miet  ibr  il  fwmmm  epiitea  whiab  they  entMuned  beibeet  and  tbay 
aiegialifiedbyaw|ipoaiagtha«ieorfr«adby6ariteiidi«eafielidpieefc 
Meiiy,  wbe,  aee  thveogh  the  ftUeey^  hete  'oo  wiih  to  aideeaife  tbaae 
who  ate  inteeieed  by  iih  approving  the  eftel  of  the  dibieisai  i«d  muu^ 
Tbg  It  it  ae  a  pioaa  Aaad;  eiilil»  fiaaUy*  aa  o|i|Mieite  party,  wha  ape  heelile 
to  the  aaend  wnlings,  laboor  to  explode  the  eBwaeeae  opimoae,  by  sal^ 
oMiiting  for  it  another  (iog;ua  which  they  know  to  be  equally  unsound. 

The  heretical  Vnlcanista  were  soon  after  openly  assailed  in  England, 
by  imputations  of  the  most  illiberal  kind.  \Vc  cannot  Lsinnatc  the 
m.^lcvolQllce  of  sucli  r\  persecution,  by  ilic  pain  which  similar  itininuaUoas 
might  now  inflict:  for  alihough  charges  of  infuU'lity  anil  allu^ism  must 
always  be  odious,  they  were  uiinrmus  ui  the  extreme  at  thai  moment  of 
politieel  excitument;  nnd  it  was  better,  perliaps,  tor  a  man's  (|ooil  reee[>- 
tion  in  society,  that  iiis  moral  cliaracier  should  have  been. traduced*  than 
tliat  he  should  become  a  mark  for  these  poisoned  weapons. 

I  shall  pass  over  Uie  works  of  numesoas  dhrineat  «^o  may  be  excused 
for  seoaitivaness  on  points  whish  than  excited  so  nrach  UMaaioaaa  in  the 
public  mind ;  and  abaU  say  BOthmg  of  the  amiable  poet  Cowper,t  who 
could  hardly  be  expected  to  hefo  iaqoired  into  the  merii  of  doetcSnea  ia 
pbyeiea*  But  in  the  foramoatraahi of  the ialohnuU.  Ha.taad eefonl 
lijflMB  who  had  high  clelMe  to  eeieatilia  lepatatiea.  Aamt  theae 
eppesfs  WiDieaM*  a  aiinenl  aomyor  of  Bdiaboighi  who  pebMsbed  a 

Kataral  Qtetory  of  the  Wn0n^  Kfogdon,**  la  m§i  a  woik  of  gieai 

*  As  aa  iastsnce  of  bis  dssiia  to  tbiew  doubt  iadiaaflfaauiately  oo  all  geologSciI 
dMa,  WB  naay  laeal  the  paaMge  where  be  mj»,  thai  **  the  booes  of  a  rsfai-deer  and 

hipp'''p<^«tfnm)fl  discoTered  near  Etanipcs  did  not  prove,  M  some  would  harp  it.  tint 
LapUnd  and  the  Nile  were  once  on  a  tour  from  I'aris  to  OrlcSaSf  bat  meidy  thaX  & 
lover  of  curiosities  once  preserved  them  in  his  cabinet*" 
t  The  Titsk,  book  iii.   *'  The  Garden," 
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tnerit  for  that  day,  anti  ol  praclical  utility,  containing  the  best  account 
of  Uiu  coal  stratei.  In  hia  preface  he  misrepresenta  Iluiton'a  theory 
altogether,  and  charges  hira  with  f.oiisidt3rini/  all  rocka  lo  be  lavas  of  dif- 
ferent colonic  and  blruclore;  and  also  with  "warping  uvery  ibiug  to 
support  the  eternity  of  the  world.  '*  He  descants  on  the  pernicious 
iniUience  of  snch  scepticid  notions,  as  leading  to  downright  infidelity  and 
atheism,  "  and  as  being  nothing  itm  tkm  lo  «bpOM  (h«  Aiwigblj^^rmtar 
of  the  luuftiM  Ima  hm  offiM.'*t 

Mtrwcm — De  lAte.' — ^Kirwan,  presitet  of  the  Royal  AflidMBy  of  Dub* 
iitt» »  dmnigt  and  miAeralogist  of  some  meritt  b«i -who  possessed  moflb 
gwiiw  wliwii^  im  the  >ffinHfii!  ««U  1km  ki  cttOOed  by  lut  tatonls 
-10  <»jogr,  Midt  ia  iIm  JuHyduUiun  «•  to  ♦•Oiwilinifl  Rmjib  1780/' 
««thitM0Mf  gpdogy  gmimlai  ialo  nUgloBi  tiid'vaiiwtiiiMd  it  ditfA 
eMn  lyviw  «r  iMm  «r  kOMily,  «l  wliidi  tbqr  Jm4  hdi  MMt 
wpwiiMt.'^  Awn  WMRiMBkMf  diiMisr  «r  «|ii«ov 
ibtMyof  >B  wtfci^  i>d  mumky  wwyiMid  by  Biral  aad  WtoiOB« 
ja  hii  Jwiw    ■ddiee  the  Ifawig  writings  ianrfwution  <f  hto^ptoiw^ 

]>»  Luc,  in  iIm  fPoHalMKy  diido»gw  to  hi*  TtBMim  m  O«ology,§ 
mifB^  **the  weapons  have  been  changed  by  which  revealed  religion  is 
attacked;  it  is  now  assailed  by  geology,  and  the  knowledge  of  this 
aciencf!  lias  become  essential  to  theolng^ians."  He  imputes  the  failure  of 
former  geological  systems  to  their  having  been  ariti-MosaicjU,  and  directed 
against  a  ** sublime  tradition."  These  and  sin)ilar  imputations,  reiterated 
in  the  works  of  De  Luc,  seem  to  have  been  taken  lor  granted  by  some 
modern  writers:  it  is  therefore  necessary  to  stale,  in  justice  to  the  nume- 
rous geologists  of  different  nations,  whose  ^vorks  have  been  considered, 
that  none  of  them  were  guilty  ul  endeavouring,  by  arguments  drawn  from 
physica,  to  invalidate  seriplural  tenets.  On  the  contrary,  the  majority  of 
Hm  who  w«n  fortunate  enoiigh  to  discover  th«  tarn  causes  of  thuijit" 
mdy  deserved  another  part  of  the  poet's  ptoegyric,  ^*Jkfm  mttm 
wmm mbitek pmkbm.**  The «MiiMi« nd •mllaU vaMm,  of  maaf 
■Mbwit  Itito  mkoM  the«nliMr  ptriod 'm  very  appaMti  Md  ihm 
«n  kMtt)rb«ftdMbt,tfiaitllMsrMbMfilMd  to  <ittoitt  <ogWMb  •ad  parti* 
cvhrif  totho  tot  dilnviu  litooiyt  ottC«f  Mntm  to  pifihir  pHfidioMt 
nthor  ilMa  ftmn  owHeliaB.  If  they  wen  guilty  of  dlatimdation,  wo 
mj  Ml  vegiw^  but  nmst  not  blame  iheir  ^ant  of  inonl  eoimgo,  roserf^ 
tog  mdtor  onr  ooadetniiitioii  for  tfao  intoleianca  of  the  timeBv  and  that 
iiiqoiiitefiil  p«iMr  wtuih  Ibraod  Oalfleo  to  afcijtoOt  nd  to.  two  Jeaoiti  to 
dMafito  to  tooiy  of  NewUm.fl 

*  P.«7.  »  P.  59.  t  Introd.  p.  2.  $  London,  1809. 

II  In  a  most  ab!c  article,  by  Mr.  Drinkwater,  on  tlie  "  Life  of  Galileo,"  published 

in  th**  *'  Library  of  Uaefui  Knowlf^d^,"  it  is  <^tntcd  that  both  Galileo's  work,  and  the 
bodk  (.f  C'npi  rnicu!!  "  Nisi  corrii^^tur"  (for.  widi  th*»  omiHsioa  of  certain  passages,  it 
was  sanctioned),  were  buU  to  be  seen  on  the  ioriauidea  iist  of  the  ladflz  at  itwoe  in 
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Hutton  answered  Kirwan's  attacks  with  great  warmth,  and  with  the 
inditrnauoii  jusily  exciicd  by  unmerited  reproach.  **  He  had  always  dis- 
played," says  Playfair,  •*  the  utmost  disposition  to  admire  ilie  beneficent 
design  inunifested  in  the  structure  of  the  world  ;  and  lie  eonlempiaie  J  \\  '\ih 
deligtit  those  parta  of  his  theory  which  made  the  greatest  additions  to  our 
knowleti^^e  of  final  causes.*'  We  may  say  with  equal  truth,  that  in  no 
scientific  works  in  our  language  can  more  eloijucnt  passaj^es  be  found, 
concerning  the  filness,  harmony,  and  grandeur  oi  all  partfi  of  the  creation, 
than  in  those  of  Playfair.  They  are  evidently  the  unaffected  expressions 
of  a  mind,  which  couteniplated  the  study  of  nature,  as  best  caiealated  to 
elevate  our  conceptions  of  the  attributes  of  the  First  Caose.  At  tny  oUier 
time  the  force  and  elegance  of  Play  fair's  style  must  have  insured  popu- 
larity to  the  Hattonian  doctnoeB;  but,  by  a  singular  ooiacideii6e»  Nep» 
tonianiem  and  orthodoxy  were  now  aiiocialed  in  the  aamo  creed ;  and  the 
tide  of  prejudice  rui  eo  strong,  that  the  majority  were  carried  far  away 
into  the  chaotic  fluid,  and  other  coimologieal  ioTentiooa  of  Werner. 
These  fictions  the  Saxon  prolessor  had  borrowed  with  little  modifieatioii* 
and  without  any  improTement,  from  his  prsdeeessors.  They  had  not  the 
smallest  ftnindation,  either  in  Scripture  or  in  common  sense»  and  were  pro* 
bably  approved  of  by  many  as  being  so  ideal  and  unsubstantial,  that  they 
eottld  never  come  into  violent  odltslon  with  any  preconceived  opinions. 

According  to  De  Lac,  the  first  essential  distinction  to  be  made  between 
the  various  phenomena  exhibited  on  the  surface  of  the  earth  was,  to  de- 
termine wiiich  were  Uie  results  of  causes  still  in  action,  and  wliir)i  had 
been  produced  by  causes  that  had  ceased  to  act.  The  form  and  composi- 
tion of  the  mass  of  our  continents,  he  said,  and  their  existence  above  the 
level  of  ilie  i>ea,  must  be  ascribed  to  causes  no  longer  in  action.  'I'hese 
comments  emerged,  at  no  very  remote  period,  on  the  sudden  retreat  of 
the  ocean,  the  waters  of  which  made  liieir  way  into  subterranean  caverns. 
The  formation  of  the  rocks  which  enter  into  the  crust  of  the  earth  began 
with  the  precipitation  of  granite  from  a  primordial  liquid,  after  which  other 
strata  containing  the  remains  of  organised  bodies  were  deposited,  till  at 
last  the  present  sea  remained  as  the  residuum  of  the  primordial  liquid,  and 
no  longer  continued  to  produce  minecsl  strata** 

1828.  1  wa«  howevi  r  assured  in  the  same  year,  hy  Protessor  Scarpcllini,  at  Rome, 
thftt  Pius  VII.,  a  PonliS' distinguisbed  for  bU  love  of  science,  had  procured  a  repeal 
of  the  edicts  uguinst  Galileo  and  the  Go|ieraicaii  system,  lie  bad  assembled  the 
Ckngregataoo ;  and  the  lato  Oardhial  Torioasi,  aasMsor  of  the  Sacred  Offloe,  proposed 

that  they  should  wipe  off  this  aeandal  ftom  the  eharoh,*'  The  Mpeal  was  onrried, 
with  the  dissentient  voire  of  one  Dominican  onlj.  Long  before  that  time  the  New- 
tonian theory  had  been  taught  in  llie  Sapirnza,  and  all  Catholic  universities  in 
Europe  (with  ih'*  ^^xct-ption,  I  am  told,  of  Salatiiancu)  ;  hut  it  vvns  nhv!iy!»  n*qnirpd 
of  profesdors,  in  dt- it  iLiice  tx»  liie  dejrrees  of  the  church,  lo  u»e  the  term  kt(potkcntf 
taatead  of  theory.   They  now  apeak  of  the  Copernic&n  (Juary. 

*  ElamsBtafjrTnatlas OB  Geology.  Loadca^im.  Traaalated by  De  la  Kite. 
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If'illiarn  Smith,  1790, — While  the  tenets  of  the  rival  scfiools  of  Frey- 
berg  and  I'LJiiifuirgli  were  warmly  capoused  by  devoted  purligans,  the 
labours  of  an  individual,  unassisted  by  the  advantages  of  wcallh  or  slnlion 
in  society,  were  almost  unheeded.  Mr.  W  iiiiam  SSmilh,  an  English  sur- 
veyor, published  his  Tabular  View  of  the  British  Strata,*'  ia  1790, 
V herein  he  proposed  a  classification  of  tlie  secondary  formations  in  tiie 
Wmi  of  England.  Although  he  had  not  communioalad  wilb  WsfMr*  it 
appeared  by  this  work  that  he  had  arrived  at  the  saOM  view*  nf  pecting 
tlie  laws  of  Mpefposition  of  atratifiod  loeka}  that  he  was  aware  that  tha 
ord«r  of  succession  of  diffeiaot  giiMpa  waa  saver  invertad ;  aad  lhal  tbejr 
mighl  ba  idaatifiad  aft  vaijr  diatanl  paisla  bj  ihatr  paaaiitr  ofgpoiaad 
fiMBila. 

Fkw  iba  tea  of  iba  apptamaa  of  Iba Tabolar  View/*  iba  aatbor 

witb  tha  paaiOii  dbdntwoiitdbeM  of  atod,  aamaMwicalad  ibaraiallsof 
bii  iaraatigatma  to  ail  wbo  dwiiid  udonaation,  givuig  such  publicity  to 
bia  origiaalnawayat  to  toaUB  hia  aontHopoiaiiaa  tbnoii  looaapala  witb 
faiai  ia  tb9  laaa.  Tba  aacOMtloii  of  Ua  map  waa  aasphiad  ui  ISU,  awl 
mttdns  a  baling  monitaMnt  of  origiaal  tdeat  aad  eztraordiBary  perseve- 
rance ;  for  he  had  explored  the  whole  country  on  foot,  without  the  gui- 
dance of  previous  observers,  or  ilia  aid  e)f  fellow-labourers,  and  had  suc- 
ceeded in  ifirowing  mlo  naiurai  divitjions  ihe  whole  coiuplicaied  strit^a  ul' 
Britisii  rocks.  D'Aubuisson,  a  distinguished  pupil  of  Werrii  r,  paid  ajust 
tribute  of  praise  lo  ibis  reniarkabie  performance,  observinir,  that  '*  what 
many  celebrated  niiueralogisis  had  only  accom[)lislied  lor  a  small  part  of 
Germany  in  the  eourse  of  half  a  ceutury,  had  been  e£b€led  bjr  aaiogie 
Individual  for  the  whole  of  England.*** 

Werner  invented  a  new  language  to  express  his  divisions  of  rocks,  aiul 
MM  of  his  ^t**'^'***  tuaa»  taob  as  giaowaeke,  gneiss,  and  oihaia,  paaiad 
current  in  every  cooatiy  in  Earopc.  Stttlb  adapted  Ibr  tfao  aaalfavl 
English  provincial  lamMt  oAan  of  barbarous  sound,  such  as  gault,  oom- 
braiibt  abndiaia^;  asd  affixmi  tbam  to  subdivkioaa  of  tbo  Bciiiab  aiiiti. 
Many  of  tbMo  atill  lalua  tbair  plaoa  in  our  ■rtwitiie  fflMiifiwUbiaa,  aad 
anm  bia  pdorit  j  of  ttiaagenaiit* 

HODEEN  PROGRESS  OF  QEOLOaT. 

The  eoDtente  of  tba  rival  faetbma  of  tbo  Vakankta  and  Naploaiata 

had  been  carried  to  such  a  height,  that  these  names  had  become  terms  of 

reproach;  and  the  two  parties  had  been  less  occupied  in  searching  for 
truih,  iliaji  lur  buch  arguments  as  might  strengthen  their  ov^n  cause,  or 
serve  to  annoy  their  antagonists.   A  new  school  at  last  arose,  who  pro- 

» 

*  See  Dt.  FiUoa  «  M«:mou  (belore  citedj,  p.  67. 
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ef  Wcaer  «Bd  H«tioo,aad  wlw  mmAnd  JiiigwUly  to  inrnm  fliiir  hAam 
Ift  tlnBimliuu.   TIm  iwetioQ,  proroksd  by  the  iBtempetwioe  •£ the  mi- 

flicling  parties,  now  produced  a  tendency  to  extreme  caution.  Specula- 
tive views  were  discountenanced,  and,  ihroiiLrli  fear  of  exposing-  liieniselves 
lu  the  iiuspicion  of  a  bias  towards  the  lio^niius  of  a  party,  some  geologists 
became  anxious  to  entertain  no  opinion  whatever  on  the  cavees  of  pheno- 
mena, and  were  indiued  to  acepticism  even  wlieic  the  ronclusiona  dednci- 
ble  fruui  observed  facts  scarcely  admitieil  of  reasonable  doubt. 

(rroh^icffl  SociHjf  of  TAindon. — But  :\Uho\iL^h  tlie  reluctance  to  theorize 
was  earned  somewhat  to  excess,  no  measure  couid  be  more  salutarv  at 
such  a  moment  than  a  suspension  of  all  attempts  to  form  what  w«ie 
termed  "  theories  of  the  earth."  A  great  body  of  new  data  wen  requiced ; 
•ad  the  Geological  Society  of  London,  founded  in  1807,  oondaced  greal^ 
to  the  attainment  of  this  desirabto  eiuL   Tft  anhiplf  «Bd«Mafd  otiiwiw 
lMHii«  aad  patiMilly  ti»  mwail  iJm  BHult  at  some  future  period,  was  4he  ob- 
Jaot  propsted  by  th«D  {  mi  It  wn  tfaair  favourite  maxim  that  the  time 
VIS  sot  y«t  «oM  for  s  gWMl  i^slMi  of  gntogf «  bat  ti»t  sJI  Mai  h» 
ooaitat  fiir  wmy  ytan  l»  bo  oagblaoivoly  oag«p|o4  ni  fiunliUof  mAmmIo 
for  fame  fottowlnotioiio.  By  noting  opto  Am  prinoiploowiibooDMl^ 
•oaoy,  tboy  in  m  Um  ymn  dioamod  oU  preyadiao,.aBd  Moood  iho^oiioM 
'btm  the  impiitolMMi  of  boiof  m  doogmny  4V  •al  Jmoi  4isl  a  WMry 
puraoit* 

A  diaaagilriiod  a^dm  wiiiw  baa  wftb  tnrtb  nMiiMdt4lHt4ho  ad- 

iratieement  of  three  of  the  aaain  dhrMm  of  geological  inquiry  . baM»  dot^ 

ilie  bus!  half  century,  been  promoted  successively  by  three  difierent  nations 

of  Europe, — tlie  Germans,  ihe  English,  and  ihe  Trench.*  We  have  seen 
that  the  systematic  study  of  what  may  be  called  miaeralogical  geidogy  had 
its  origin,  and  chief  point  of  activity,  in  Germany,  where  Werner  first 
described  wuii  precision  the  inirieral  characters  of  rocks.  The  classifica- 
tion of  the  secondary  formations,  each  marked  by  their  pecidiar  fo9silf, 
belongs,  in  a  great  measure,  to  England,  where  the  labours  before  alluded 
to  of  tSmith,  and  those  of  Uie  most  active  tiunibcrs  of  the  Geological  So- 
ciety of  London,  were  steadily  diiecied  to  these  objects.  The  foundation 
of  the  third  branch,  that  relating  to  the  tertiary  formations,  was  laid  iu 
France  by  the  splendid  work  of  Guviar  and  BroQfniartt  published  in  1808, 
Oo  the  Mineial  Geography  aad  Oiganio  Seoudna  of  the  Meighboorhood 
ofFteia.*' 

We  may  aliU  meot  m  the  laognega  of  the  eaience  aad  otir  preMt 
methoda  of  anatifBMit,  Ibe  variM  Mtitrlao  whM  the  gaoirth  of  IbM 
oofoial  deparlaanla  of  geology  waa  at  didfimat  tiMa  pmwied*  Maay 
naMo  of  aiiBple  mMrala  asd  locbo  vomui  to  ifaia  day  GeraiMii  wbik 

•  Wbs«eU,BrMiihQMe^llo.«ili.^l0r.  Ml. 
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dimkwi  #f  thd  imwrfify  tmm  wn  'm  gwrt  pmt  Bi|^Mh» 
I,  often  foiidiA  M  Mdaiifaiy  mi  English  type««  huAf^ 
tl»«Bbdivi«ioi»  fint  establisWl  of  the  socceMioii  of  slratt  hi  ihe  Psrts 

b^iii  have  served  as  normal  groups,  to  which  other  tertiary  deposits 
throughout  Europe  liuve  hetn  compared,  even  in  cases  wliere  ikis  stand* 
ard,  as  vviil  alterwards  he  shown,  was  wliuUy  iuappiicable.* 

No  period  eouh!  have  hern  more  fortunato  for  the  disco  very »  in  the  im- 
mediate neighbourhood  of  Pan-,  ol  a  rich  store  of  well-preserved  fossils, 
lbr»n  the  commencemi  at  ot  the  present  century ;  for  at  no  furincr  era  had 
Natural  History  been  cultivated  with  ?urh  enlhiisiji?;m  in  ihe  French 
nieiropoiis.  i  lie  labours  of  Cuvier  in  comparative  osteology,  and  of 
Lamarck  in  recent  and  fossil  shells,  had  raised  these  departments  of  study 
t^annkof  which  they  bad  never  previously  been  deemed  susceptible. 
Their  investigations  hii  mntuallf  >  powerful  effeel  m  diifiling  the 
iliMrio«i  wMeli'  ladiong  prevaikd  coneming  the  absene*  of  aiakigy 
tmmm  tnmmitwmk  muimm ilate  of  onr  fkmnu  A.  close  comparison  of 
1km  MMtflod  ilbesE  epttiity  Iht  Mnatm  dram  im  regand  to  ihtiv 
WrfM^  MMlMBoA.te  fiolagiit  t»  eonlMipte  tin  esilli  u  haetiag  ha&a 

tMM  'liffitiiriil^  <9Wli0<M»40ini  ftMd  to  Kfv  w 

in  lilt  wm«C  kiM  MiiiifiiV4  Bjr  da  asmidinlioii  of 
topiot,  tiMT  alad.      ilovly  Mid  inHniiMy  twlhdwHWi  fiOM 

of  oirtMlraplnB  aoJ.  ihiliB  OMfaiibn»  optb  aolMmlid  tho 
of  ibo  ovfy  Aitinogoiniii*  Mmmmnnm  pioofr  wofO  dlecofOMdi 
of  tiw  tranquil  deposition  of  eodimentary  matter,  and  the  slow  develop- 
ment of  organic  life.  If  many  writers,  and  Cuvier  himself  in  the  number, 
still  continued  lo  niaiataiu,  that  "the  thread  of  indurlion  \vas  l)roken,"t 
yet,  in  reasoiuug  by  the  strict  rules  of  laduclion  from  recent  to  fossil 
species,  they  in  a  great  measure  disclaimed  the  doLnua  whicii  m  theory 
thev  professerl.  The  adoption  of  the  same  generic,  and,  in  some  cases, 
even  of  tlu-  same  -speciiie,  names  for  the  exiivi!?^  of  fossil  animals  nnd  their 
living  analogues,  was  an  important  step  towards  familiarizinrr  the  mind 
with  the  idea  of  the  identity  and  unity  of  tlte  system  in  distant  eras.  It 
an  acknowledgaoolf  aa  it  were,  that  part  at  least  of  the  ancient 
of  batare  ware  written  in  a  liviag  langu^.  The  growing 
It  tiMO,  of  the  nalaral  history  of  o^^nic  remains  may  be  pointed 
oolroi  Ae  diaiotteristic  feature  of  the  progroii  of  the  science  doiiof  the 
piQiont  eentory.  Thie  braneh  of  knowledge  has  already  become  sn  ia* 
•traowiit  of  giMt  atUi^  in  g«ologicsl  ebenfieation,  md  lo  oonlinuing 
duly  to  onMd  noir  dote  kig  graid  and  onlffitd  tit«o  mtptiring  tho 
Itanner  ohanfM  of  tfio  eirth. 
'  Wh«n  wo  eompoio  the  remit  of  obMmliOHi  in  tho  bit  diirty  yoaii 

iv.etop.il.  t  DisosaissorissB4voL,Ae, 
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with  those  of  the  iliTca  preceding  centnriesi  we  canoot  but  look  furwarti 
wiih  the  most  sanguine  expectations  to  the  degree  of  excellence  to  which 
geology  may  be  carried,  even  bv  the  labours  of  the  pieseiii  tjt  neraiion. 
Never,  perhaps,  did  any  science,  wiiti  the  exception  oi  astronomy,  un- 
fold, in  an  eqtially  brief  period,  so  many  novel  and  unexpected  truth?,  and 
overturfi  so  many  precoiicciveil  opinions.    The  senjses  had  for  ages  de- 
clared the  earth  to  be  at  rest,  until  the  astronomer  taught  that  it  was 
carried  through  space  with  inconceirable  rapidity.    In  like  manner  was 
tfie  surface  of  this  planet  regarded  as  having  remained  unaltered  since  its 
matioB,  until  the  geologist  proved  that  it  had  been  the  theatre  of  retteraltd 
change^  tod  wns  <^till  the  sul]ject  of  slow  but  never-ending  flnnf  fiofti 
The  diseofwy  of  otiitr  tytteaM  in  the  boiUMUett  ragioas  of  opM*  wu  dM 
irtamph  of  astronomy :  to  tnee  the  sane  system  through  vaiioM  tnw* 
Ibmatioiw^lo  behold  it  •!  aaeoooNfo  ono  adoiBed  with  dUfinoal  hflio  tad 
vaUoyit  lakes  and  eeaov  and  peopled  with  new  inhablianla«  waa  tho  do* 
Ughiftt]  meed  of  geological  reeeareh.  Bj  the  gnoninter  wme  meaawed 
the  regtona  of  apace»  and  the  lelallw  dialancea  of  the  heafady  bodiee; 
«-4>jr  the  geologiat  mjriada  of  agea  wore  leekonedy  not  by  acMMMlioil 
enmpolation*  bnt  by  a  train  of  phyateal  ofents— a  ancoaaaloB  of  phaBO- 
flMna  in  tfao  anini^  and  inaniuMte  worida  aigna  whieii  eoovoy  to  onr 
aihida  more  deftnite  ideaa  than  figmea  can  do  of  the  inuMnsity  of  tiaM. 

Whether  our  investigation  of  the  earth's  history  and  structure  will 
eventually  be  productive  of  as  great  practical  benefits  to  mankind  as  a 
knowledge  of  the  distLint  licavens,  must  remain  for  the  decisiua  of  pos- 
terity. It  wns  not  till  iislionoinv  had  been  enriched  by  the  observations 
of  many  ceiuurlos,  and  had  ukuI*-  itsi  way  against  popular  prejudirea  to 
the  establishment  of  a  sound  tluory,  that  its  application  to  the  useful  arts 
was  most  conspicuous.  The  cultivation  of  geology  begnn  nt  a  later 
period;  and  in  every  step  which  it  has  hitherto  made  towards  sound 
theoretical  principles,  it  has  had  to  contend  against  more  violent  prepos- 
sessions. The  practical  advantages  already  derived  from  it  have  not  been 
ineonsiderable :  bol  our  gsneralizationa  aio  yet  imperfect,  and  they  who 
oome  after  na  may  be  espaeled  to  mp  Uw  moot  falnaUa  fruits  of  onr 
labour.  HeaawhOo  the  charm  of  first  diseoveiy  Is  onr  owni  and,  as  wn 
ezplofo  diis  magniieent  field  of  inqniiyi  the  sentiment  of  a  gnmi  hisionan 
of  oar  times  may  eontimially  bo  present  to  onr  minds,  that  **  he  who  calls 
what  hsa  vaabhed  bask  agahi  mto  being*  enjoys  a  bliaa  like  thai  of 
oreating."*  . 

•inMr*sHiit«rB«Bt,viil.Lp.6.  Hsw  and  ThirifwdTs  tHnyiliiia 
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CHAPTER  y. 

CAUSES  WHICH  HAVE  RETABDXD  TH£  PROGRESS  Of  GEOLOOY. 

EfiecU  of  preposaessionM  in  regaxii  to  the  duration  of  past  time — Of  prejudices  arising 
fnm  oar  pvculur  position  is  inlMbitsnU  ol'  the  land  (p  88.)-- Of  thoae  occasioned 
b]r  our  not  seeing  suMerransui  cbsnges  now  in  progress— All  these  ceases  eon- 
bine  In  niske  the  Ibnner  eonree  of  Kttura  eppesr  diftrent  fiom  the  pieseni— 
SeTeral  objections  to  the  assamplieo,  Ibst  existing  censes  heve  produced  the  fbrOMT 
ehnnfeeof  the  eerth's  sufiMe,  teflMved  bj  auMlsni  disoofedee  (p.  80.) 

Iv  we  reflect  i»n  the  hialoiy  of  ihe  progress  of  geolog7,  as  explained  in 
the  preceding  ebaptera,  we  peretive  thai  iheie  have  been  greet  floeuimtione 
•f  opinion  respecting  the  nature  of  the  causes  to  which  ali  ibrmer  changes 
of  the  earth'e  mrfaee  ere  Tefereble.  The  fiiel  efceerteii  eonceived  the 
monoveiila  which  the  geologiat  endeeTonie  to  deetphet  to  relate  to  en 
originel  etale  of  the  eenb»  or  to  a  period  when  there  were  canaee  m 
activity,  diaiioet»  in  kind  and  defree»  frmn  thoee  now  eonstiinttng  the 
eroMNDj  of  natore.  Theee  Yiewe  were  gradually  modified«  and  eome  of 
them  entfreljr  ebaodoned  in  proportion  ae  obeervatione  were  niiiltipiied« 
and  the  eigne  of  fbnner  mntalione  doio  eiiQAiHy  interpreted*  Many  ap- 
pearances, which  had  for  a  long  time  been  regarded  as  indicating  mysterl- 
oufl  and  extraordinary  agency,  were  finally  recognised  as  the  necessary 
re.-uli  ol  ilie  laws  now  governing  the  material  worlil ;  and  the  discovery 
of  this  unlooked-for  confurinity  iias  ai  length  induced  some  philosophers 
to  infer,  thai,  during  the  ages  contemplated  in  geology,  there  has  never 
been  any  inierrupuoii  lo  the  agency  of  the  same  unirorm  laws  of  cliange. 
The  >-dine  assemblage  of  general  causes,  they  conceive,  may  have  been 
sulFiru  nl  to  produce,  by  iKeir  various  combinaiiona,  the  endless  diversiiy 
of  effects,  of  which  ll)e  shell  of  the  earth  hns  preserved  the  uuMnonahs  ; 
andfCunsistenUy  with  these  principles,  the  recurrence  of  analogous  changes 
is  expected  by  them  in  time  to  come. 

\Vheiher  we  coincide  or  not  in  thie  doetrinOy  we  most  admit  that  the 
gradual  pn^reee  of  opinion  concerning  the  anceeaeion  of  phenomena  in 
very  remote  erae,  resembles,  in  aeingular  mannert  that  which  has  ac» 
eompenied  the  growing  inteUigenee  of  efcry  peoplot  in  regard  to  the 
aeonomy  of  natore  in  their  own  timee.  In  an  early  atage  of  adfancenient» 
when  e  great  nomher  of  natural  appearaneee  are  unint^iligihle»  aneclipae« 
an  earthqoalw,  a  flood,  or  the  approeeh  of  e  comet*  with  meny  other  o^ 
eerreneee  alkerwarde  found  to  belong  to  the  regular  couree  of  e?enli,  are 
legarded  ee  prodigiee.  The  eame  deluaion  prevaile  ae  to  moral  pheno> 
menct  and  many  of  theee  are  eeeribed  to  the  interrention  of  demone,  ghoele, 
Vol.  I^L 
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witehett  and  otlwr  immtterial  aod •opewiliiii  afwii.  By  Atgrnm^  wuutf 
of  teenigmai  of  the  monl  ■nd  jfkymal  woridm  asplaiiMd»  wMltiMlMHl 
of  being  doe  to  extrimio  end  inegalar  ceueee,  Aey  m  ftond  lo  depoad 
on  fixed  and  invariable  law*.  The  philosopher  ailaalbecottee  ooavineed 
^the  undeviating  nniibfmiiy  of  aeeondaiy  oavioa ;  and,  gnidod  by  Ilia 
fidth  in  tUa  pctociple,  bo  doiemiaeo  prababiliiy  of  ■iniiHi  Uwtm- 
milled  to  him  of  former  oocorrenoe*,  and  oAon  rejeela  the  fkbaious  tales 
of  former  times,  on  the  ground  of  their  being  irreconcilable  wiili  the  ex- 
perience of  more  enlightened  ages. 

Prtpo^ifesaions  in  regard  lo  Ihc  dunition  of  pant  lime. — As  a  belief  ia 
the  want  of  conlbrmity  in  tlie  causes  !»y  which  the  eariii's  crust  has  been 
iDodified  in  ancient  and  motlem  periods  w  i^,  ior  a  long  lime,  universally 
})revalcnt,  and  that,  too,  amongsl  men  wlio  have  been  coaviiiced  iliat  the 
urder  of  nature  is  now  uniform,  and  that  it  has  continued  so  ior  several 
thousand  years,  every  circumstance  which  could  hnve  iiilhicnccd  iheir 
minds  and  given  ;in  liiuJuc  l)ias  lo  (lieir  opinions  deserves  particular  at* 
tention.    Now  the  reader  may  easily  &^xi%iy  himself,  Uiat,  however  nn- 
davimtiog  the  course  of  nature  may  have  been  from  tba  eaiiieai  epoehet  H 
was  ispoaiiUe  for  tlM  fiial  euUivateia  of  geology  lo  eoM  lo  ioali  a  oaft> 
elusion,  so  long  as  they,  wore  under  a  delusion  as  to  the  igo  of  ibo  wofld^ 
and  Ibe  date  of  the  first  oioation  of  anioMlo  beipfa.   Hiovofor  fentaaliaJ 
aooM  tboociee  of  iht  aiitaonlh  ooatoiy  may  now  appear  to  qa»*«Jiowoii 
onwoiiky  of  men  of  gioal  talent  and  aaond  jodgaool<-wo  auy  net  a^ 
amod  tbati  if  iho  aamo  nuaeonoeplioB  now  pwvailod  in  lagaid  to  Iba 
momonalo  of  bomaa  toaqpaetiona*  it  woold  givo  riao  to  a  ainilar  ttala  of 
abamrdtciea.  Let  na  iowgino,  far  oaamplo,  that  ChampoUkio,  and  the 
Fieoeh  and  Tuacan  lileiaSi  lately  engaged  io  oipkriag  tlia  aaiii|aitiea  of 
Egypt,  had  viatted.  that  ooonliry  with  a  finn  beliof  that  Ibo  bnnha  of  iho 
Nito  were  nofor  peopled  by  the  hninaa  foao  belHo  Iho  beginning  of  iIm 
nineteenih  eeotary,  and  that  their  fiulh  ip  ihia  dogma  wae  as  difficult  to 
shake  as  the  opinion  of  our  ane^tors,  that  the  earth  was  never  the  abode 
of  living  beings  until  the  creation  of  the  present  continents,  and  of  the 
species  now  existing, — it  is  easy  to  perceive  what  extravagant  systems 
they  would  tramc,  while  under  the  influence  of  ihi^  delusion,  lo  account 
for  the  monuHH  iits  discovered  in  Egypt.    The  9!L»^ht  of  iliu  pyramids, 
obrlislxs,  colossal  sialulcs,  and  ruined  tpmple?,  would  till  i!)ciii  with  such 
astonishment,  that  for  a  lime  they  wrtnid  l>c  as  men  spell  iiound  —  whnlK' 
incapable  of  reasonmg  with  sobriety.     TIm  y  mif^hl  uicline  aitirsi  to  refer 
the  construction  of  such  stupendous  works  to  some  superhuman  powers 
of  a  primeval  world.    A  system  might  be  invented  resembling  that  so 
gfoveiy  advanoad  by  Manetho,  who  relates  that  a  dyaaaty  of  gods  origi- 
nelly  nded  in  Egyptf  of  whom  Vulcan,  the  first  monarch,  reigned  90M 
yaaia ;  after  whom  came  Hemkeond  ochor  demigod%  who  waea  nt  bit 
■neeiadiid  by  tmoMi  hiaga.  ^ 


THB  PAOCttfilS  OF  GVOUMY 


Wlieti  some  fanciful  speculations  of  this  kind  \\-dd  amused  their  imagi* 
tiaiione  for  a  time,  some  vast  repository  of  nuinuniLy  wouUl  be  discover- 
ed, and  would  immediately  undeceive  those  aiuiquarics  who  enjoyed  an 
opportunity  of  personally  examining  ihem;  but  the  prejudices  of  other* 
at  a  distance  who  were  sot  eye-witnesses  of  the  whole  phenomena,  wouid 
not  be  so  easily  overcome.  The  concQifent  report  of  many  travelleii 
voukly  mdmd,  render  it  necessary  foe  tlism  to  accommodate  ancient  ihto* 
nes  to  sma  of  new  facts,  and  much  wit  and  ingenuity  would  be  re» 
qoired  to  imHif  amI  M6uA  lh»k  oU  positions.  Each  mv  iotMioB 
would  rkktt  ft  giMlor  number  of  known  nnatogiet ;  for  if  a  theorf  bo  lo* 

fmhAoa  m  frolf  m  nnllipliod,  m  woold  bo  the  cm  if  yawenw  woio 
warn  fafoirad  lo  ktm  m  oilwwaiffil  oynop  oa  ilio  mmmpifom  of  Ifao 
Iwnitiiliiy  of  tiio  otgOu 

Awoieni  other  ftooifidooiijoeloTOB  ooDMnuof  tho  history  of  >Egypt,  «ro 
May  suppow  ooBO  of  Iho  Mooring  to  bo  ■IMds— <^  Aa  tho  bttki  of  tho 
Nile  have  been  so  recently  eeknrised  for  Ao  irst  time,  the  curious  sub- 
stances called  mummies  could  never  in  reality  have  belonged  to  men. 
Thuv  may  have  iiecii  generated  by  some  jila.'^/ic  virtue  rt'sidiiii^^  in  the  in- 
tenor  of  the  L'arlU,  or  they  niay  be  abortions  ul"  nature  produced  by  her 
incipient  efforts  in  the  work,  of  ereaiion.  For  if  deformed  beings  are 
sometimes  born  even  now,  when  the  ?rliemc  of  the  universe  is  fully  de- 
veloped, many  more  may  have  been  '  sent  before  their  time,  scarce  half 
made  up,'  when  tlic  planet  ilseif  was  m  the  embryo  slate,  liut  jf  these 
notions  appear  to  derogate  from  the  perfection  of  tho  divine  attributes,  and 
M  tbeoo  looioiiiiflH  be  in  all  their  parts  true  representations  of  the  human 
imitttOfwe  not  refer  thom  to  the  nuino  rather  than  the  past  ?  May 
wm  nm  bo  looking  into  the  womb  of  Nature,  sod  not  h  jr  grave  f  May  not 
tiMOO  iMges  be  lifco  tho  shodoo  of  tho  oitern  in  Viifil'o  Biysiom  tho 
oiehotypto  of  «oo  not  yet  called  into  extoloMof" 

Tlmo  ^ocwIitioHi  if  odvoeolod  bjr  do^oooC  wiiliiBy  wooM  not  fcil  to 
oUroBt  vmmj  Mdoot  voluri8o»  ftr  thogr  wooM  filieto  mon  Ihiai  tho  poift* 
ftd  oooonity  of  looomdm^  pioooiionfod  opmioos*  bwodiUo  aa  lodb 
ooiptkM  mtf  opfMor,  It  hoi  boon  riffled  by  aiaoj  ajitMn  of  tho  n» 
Hwnh  oid  niinnh  oootBtiw^id  wnomg  othoio  by  thol  of  tho  iooniod 
gyioppiot  whoiognJod  tho  toako  of  foowlotophantioa  eoithy  ooooiotiono» 
oad  tho  potlnry  or  ftifOMBti  of  foaot  in  tho^Mosto  TeotoBoo,  boot  Hoao» 
00  vorilo  of  aotoio,  mad  not  of  ort.  Bot  whoo  one  genemioo  bad  passed 
away,  and  another,  not  compromised  to  the  support  of  antiquated  dogmas. 
Lad  succeeded,  thev  would  review  the  evidence  afforded  by  mummies 
more  im])artiaUy,  auti  would  no  longer  conlroverl  ihti  preliminary  ques- 
tion, that  human  beings  had  lived  in  Egypt  before  the  nineteen ih  ceiiiary  : 
so  that  when  a  hundred  years  perhaps  bad  been  lost,  the  Industry  and 
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taients  of  ihe  philosopher  would  be  at  last  directed  to  the  elucidaUon  of 
points  of  real  historirai  imporiauce. 

Bui  ihe  above  argument*  are  aimed  against  one  only  of  many  prejudices 
with  which  the  earlier  geologists  had  to  contend.    Even  when  lliey  coQ- 
ceded  that  the  earth  had  been  peopled  with  animate  beings  at  an  earlier 
period  llian  was  at  first  supposed,  iliey  had  no  conception  that  the  quan- 
tity of  time  bore  so  great  a  proportion  to  the  historical  era  as  is  now  gene- 
nllj  conceded.    How  fatal  every  error  as  to  the  quantity  of  time  masi 
prove  to  the  introduction  of  nuionai  ?iewe  oonoeming  the  sute  of  things 
in  former  tget*  mmy  he  coneeived  by  supposing  the  annals  of  the  civil  and 
military  traataetions  of  a  great  nation  to  be  perused  under  the  impression 
that  thef  occurred  in  e  period  of  100  inetead  of  4000  yeara.  Sncb 
«  portion  of  history  would  Immedieiely  aisiime  the  air  of  a  romuee ; 
the  events  would  seem  devoid  of  etedibility,  and  Ineonsittent  with  the 
present  course  of  human  aflsiis,    A  crowd  of  incidents  would  follow 
each  other  in  thick  suceeesion.    Armies  and  fleets  would  appear  to 
be  assembled  only  to  be  destroyed*  and  cities  built  merely  to  fall  ta 
mine.   There  would  be  the  most  violent  transitions  from  foreign  or  iDteo- 
tine  war  to  perioda  of  profound  peace,  and  the  works  eflected  during  the 
yeara  of  disorder  or  tranquillity  would  appear  alike  superhuman  in  magni- 
tude. 

He  who  should  study  the  monuments  of  the  natural  world  under  the 
iiilluence  of  a  similar  infatuation,  must  draw  a  no  less  exaggerated  picture 
of  ibe  energy  and  violence  of  causes,  and  must  experience  the  same  in- 
surmountable difficulty  in  reconciling  the  former  and  present  state  of  na- 
ture. If  we  could  behold  in  one  view  all  the  volcanic  cones  thrown  up  in 
Iceland,  Italy,  Sicily,  and  other  pnrts  of  Europe,  durinfr  llie  lasi  5000  years, 
and  could  see  tlie  lavas  which  have  flowed  during  the  same  period;  the 
dislocations,  subsidences,  and  elevations  caused  by  earthquakes  ;  the  lands 
added  to  various  deltas,  or  devoured  by  the  sea,  together  with  tlie  eflects 
of  devastation  by  floods,  and  imagine  that  all  these  events  had  happened 
in  one  year,  we  must  form  most  exalted  ideas  of  the  activity  of  the  agents, 
and  the  suddenness  of  the  revolutions.  Were  an  equal  amount  of  change 
to  pass  before  enr  eyes  in  the  next  year,  could  we  avoid  the  oonelustoii 
that  some  groat  crisis  of  nature  was  st  hand  t  If  geokigisis,  therelbiey 
have  misinterpreted  the  signs  of  s  sooeession  of  events,  so  as  to  conclude 
that  centuries  were  implied  where  the  charaeieis  Imported  thousands  of 
years,  and  thousands  of  yearn  where  the  language  of  nature  signified  mil* 
lions,  they  could  not,  if  they  ressoned  logically  from  such  false  premises, 
come  to  any  other  condoslon  than  that  the  system  of  the  natural  world 
had  undergone  a  complete  revolution. 

We  should  be  warranted  in  ascribing  the  ereeiloii  of  Ihe  grset  pyramid 
to  superhuman  power,  if  we  were  oonvinoed  thai  It  was  raised  in  one  day ; 
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wmA  if  we  iaMgiiM«  In  the  tame  manner,  a  Dumntain-chani  to  have  been 

elected,  during  an  equally  small  fraclioii  of  the  lime  which  was  really 
occupied  in  uplie.-iving  it,  wc  might  then  be  jusiified  in  inferring',  that  iho 
subterranean  muveuieuLs  were  once  far  more  energetic  than  in  our  own 
times.  We  know  that  one  earthquake  may  raise  the  coast  of  Chili  for  a 
hundred  nalcs  to  the  average  lici^Hit  of  about  lliree  feet.  A  repciiiion  of 
two  thousand  shocks,  of  eqiuil  viulciice,  might  produce  a  inoviulain-chain 
one  hundred  miles  long,  and  six  thousand  feet  high.  Now,  should  one 
or  two  only  of  Uie«e  conimltioas  happen  in  a  century,  it  would  be  consist* 
ml  with  the  order  of  events  experienced  by  the  Chilians  from  the  eacUeat 
liaci;  but  if  the  whole  of  them  were  to  oeoor  is  the  next  hundred  yeavBf 
tba  Mlire  dialriet  must  be  depopulated,  MHeely  any  animals  or  plants 
oould  surfite,  and  anftoe  wookl  be  one  eosfbeed  heap  of  niia  aad 
deaobikHL 

Om  eoMcqveMt  of  midamkiiiif  fieetly  tlio  qoniiilgr  of  peat  liiBe«  is  tfio 
oppwoMtooioeiJsiieo  whish  iiocossions  of  ovMls  MeesaifUy  diseooooefod, 
or  whteh  sio  so  «bmos1«  iImI  it  woold  bo  ineoosisloni  with  all  saloalstioft 
of  chooess  to  supposs  disai  lo  liappe»st  ooo  sad  iIm  sssm  tiaio.  ■  Wbsa 
tbo  wJootoHbr  sssoeialloB  of  soeh  rsio  pheBonms  is  wimssssd  in  iho 
pysssaloooraeof  oHofo,  it  sesieely  ever  fsib  to  oxeiie  s  snspieion  of  iho 
pfetematnral  in  those  minds  which  are  not  firmly  convinced  of  the  uniform 
agency  of  secondary  causes  ;— ;is  if  the  deaili  of  some  individual  in  whoao 
(ale  ihey  are  iiUcrcpicd  iiappcns  lo  be  accunipanied  by  the  appearance  of 
a  luminous  meleor,  or  a  comet,  or  the  shock  of  an  earthquake.  It  \\  ould 
be  only  necessary  to  multiply  snc]\  roiacideiires  indt^ftiiitciy,  and  ihe  mind 
of  every  philosopher  would  be  disturbed.  Now  it  would  be  (Hfficuh  to 
exaggerate  the  number  of  phys^ifnl  events,  many  of  them  most  rare  and 
unrottnccied  in  their  nature,  whiclt  were  imagined  hy  ibe  \Vood\vnrdi«n 
hypothesis  lo  have  happened  in  tlie  course  of  a  few  moinh>s  ;  and  lumierous 
Other  examples  might  be  found  of  popular  geological  theories,  which  re- 
•  ^irs  OS  10  in^ne  Ihst  a  long  ssessssiou  of  ovonts  hsppeosd  in  s  brief 
and  almost  momentary  period. 

AootlMrlisbilitjr  to  error,  veij  nearly  ^ed  to  the  flitiMrtirisosiloM  the 
i^uent  contact  of  geologieal  nonmnools  referring  to  very  distant  periods 
of  tisM*  Wo  oAsA  beboldt  si  ono  glsnes,  the  effMts  of  ososss  whioh  lisfo 
osisd  SI  tioMs  incsleiilobly  leiMNOt  aoi  jot  thsre  ouiy  bo  oo  striking  oii^ 
oamstMMSs  to  msifc  tbo  oemttones  of  s  giest  elissm  in  the  slnotkolofiesl 
series  of  Nolmo's  srsbifoo.  In  ths  tmi  iolsr?si  of  tlao  whieh  rmj  leaHy 
kofO  elapsed  bstwoen  the  lesolts  of  operations  thus  oompoiod»  the  physics! 
oonJition  of  tlw  osnli  Moy«  by  slow  snd  inacnslblo  wodiflcstionsi  Imvo 
Vssomo  eniiiely  shored ;  ono  or  more  noes  of  otgaaio  brings  nwy  lisvo 
pasesd  sway,  and  yet  hseo  left  behind,  in  the  psfiioHlar region  nndoroon- 
templation,  no  trace  of  their  existence. 

To  a  mind  unconscious  of  these  iniermediate  events,  the  passage  horn 
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iutiois  in  the  flysteflu  ine^talilj  suggests  itoelf.  The  imigmtiMi  is  a 
much  perplexed  by  ihe  deception,  w  it  might  be  if  two  distant  points  in 
space  were  suddenly  brought  into  imiiiCtiKtic  proximity.  Let  us  suppejse, 
for  a  iiioaioiit,  that  a  philosopher  shouhl  liu  down  lo  sleep  in  some  arcuc 
wiUlerness,  and  then  be  transjcrrctl  by  a  power,  such  as  we  read  of  in  tales 
of  enchantment,  lo  a  valley  m  a  irDpicjjl  country,  where,  on  awaking,  he 
might  find  hiinseli  surrouiuk'c]  bv  liirds  of  Ijrilliant  pinmnn:?,  and  all  the 
luxuriance  of  animal  and  vegetable  lorms  of  which  iNaiure  is  so  prodis:;jl 
in  those  regions.  The  most  reasonable  supposition,  perhaps,  wiiich  iis 
0Oiild  make,  if  by  the  tmmomwaoM^n  «ih«  wm  placed  in  such  a  attuatioiif 
iroMld  be,  that  hi  was  dmnuaf  I  and  if  t  geologiat  form  UMories  under  a 
similar  delusion,  we  cannot  expect  him  to  preserve  more  coMnM^  kk 
hii  tpmlattowt  than  in  the  train  of  ideas  in  an  ordinary  dream. 

It  oaf  mSmif  periwiie,  a  man  litdl j  tUnaMian  of  ike  pfineiple  tat 
loaiaind  npen»  if  I  reoil  to  the  iteder'e  leoolleotion  Ihe  legend  of  the 
Seven  Skmfmn^  The  aeena  of  that  popolar  &Ue  vae  piaeed  in  the  two 
eenliiriea  whieh  elapaed  between  the  ieq|n  of  the  empenr  Deetee  end  the 
death  of  needoflvi  Ihe  younger.  In  thu  inleml  of  time  (between  Ihe 
ywa  %i9  end  450  of  onr  em)  the  nnion  of  the  Bo—n  eoipife  hod  been 
diMolffed,  and  MMne^  its  Meet  fiwrineeB  emran  by  the  baiberinna  of 
the  north*  The  eeat  of  govennieat  had  paaied  lieni  Soae  to  Conelant»> 
Dople,  and  theHhrone  from  a  Pagan  petaeealorlo  a  eneeeaemiof  Ohristtan 
and  orthodox  princes.  The  genius  of  the  empire  had  been  humbled  in 
the  dust,  and  the  alurs  of  Diana  and  Hercules  wtre  on  the  poinlof  being 
transferred  to  Caiiiolic  suiaUs  and  martyrs.  The  legend  relates  "  that 
when  Decius  was  still  persecuting  the  Chrif»tia!>9,  seven  noble  youths  of 
Ephesus  concealed  themselves  in  a  spacious  cavcris  in  the  side  of  an  ad- 
jacent mountain,  where  ihey  were  doomed  to  perish  by  the  tyrant,  who 
gave  orders  that  the  entrance  shnuki  he  firmly  ?f m  urt d  u  ith  a  pile  of  huge 
stone?.  They  immediately  fell  mio  a  deep  sluinlu  r,  uliich  was  miiacu* 
lously  prolonged,  without  injunnii;  ilir  powers  of  lile,  during  a  (>eriod  of 
187  years.  At  the  end  of  tliat  lime  (he  slaves  of  Adolius,  to  whom  the 
inhoffiUnce  of  tlie  nMMiAtain  had  descended,  removed  the  stones  to  sappiy 
maieriala  lor  eeine  mttio  edifiee :  the  light  of  the  ann  darted  into  the  caveiUy 
and  i2|e  seven  sleepers  weie  peonitled  to  awake.  After  a  slumber*  m 
tfaof  thought,  of  a  few  honrst  t^y  ^cre  pressed  by  the  calls  of  hanger* 
a«l  iwelvid  that  JaMbUehie,  one  of  their  nprnher*  ehonhl  eeondy  mifn 
ip  theeitytepnidMwehieadfef  theweeof  hieeoapeniotta.  Theyondt 
ooidd  00  longer  nepgniee  tho  onoe  telliar  aapeei  of  hie  natite  eenniiy, 
and  hie  enrpiiae  vai  Ineieaeed  by  Ihe  eppearanee  of  a  laige  eioM  trinatph* 
amly  eieeied  orer  Ihe  piineifel  gaii  of  Bpheeaa.  Hie  eiagnfaHr  dnoi 
and  obeolete  language  conlbonded  Ihe  befcer«  to  whom  he  ofeed  an 
wteliMdaiof  Deeineee  Iheeanenteoinef  thenMpiie ;  end  iaabUehoii 
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tiM  mispieiiM  of  •  tnm-  vmrnm^  wm  dragged-  Mate  tbe  jud^ 
Their  Mini  m^Mm  pndnmA  llie  ■niMiig  iliwowry,  ilnt  tw«.«piito« 
>Im  wm  iknM  elapseii  rtiwr  JiiliituhM  aad  hit  frmub  had  etcapad 
IWnb  tha  nge  of  a  Pagan  tyrant.*'* 

This  legend  wa«  reserved  as  aulhentic  througliout  the  Christian  world- 
before  liie  eml  t>l  the  sixth  century,  and  was  afterwards  introduced  by 
Mahomet  as  a  divine  revehunni  into  ihe  K«jrnn,  and  from  hence  wa* 
adopted  and  atJurned  by  all  the  iialious  iVom  Ik'iigai  to  Alrica  who  pro- 
feseed  iha  Maliomelau  fuilh.  Some  vestiges  even  of  a  simil  ir  tiaduiott 
have  been  <!i^covpiTd  in  Seandinavi,^.  **  This  easjr  and  universal  belief,'* 
observes  the  phUosopiiical  historian  ot  Uie  i>eciineaad  Fail,  **ao  ezpreaa- 
ive  of  the  sense  of  mankind,  may  be  ascribed  to  the  genuine  merit  ol  tlw 
fabie  itaelf.  Wo  impercepUblj  advance  from  yollh  to  tge^  withoat  ob- 
MiUf  te  ffwlni,  bat  incessant,  change  of  humsi  aftiM ;  and  •••o  im 
,  Mr  Ittfar  experieMa  ot  bittoiyt  tkm  iaagiMftioo  ia  M<»aio»Bd>  by  a  p«tw 
pstnal  seriea  af  cmns  aod  qib>ili»  t9  raita  tha  saat  distant  rnnHrnktm^ 
Bnt  if  Ilia  isleral  NlWM  tm  iimMmU*  mm  ba  ioataily  mw 
bilatad;  If  H  wm  pmifato,  lAtr  «  mmntaij  almkar  of  lw»  hindiei 
j«M«  l»  ^m^mf  iIm  mw  w«fld  t»  tfw  cjrta  of  a  ■yaMaiat  who  atitt 
tBhwai  a  Utaly  wA  laiaul  uipfimNi.  of  the  oM»  lua  mpriaa  eed  hie 
leieetioiia  woQld  femiah  the  pleanng  subjeetola  pbihiaephlaal  ioflMiiee«*'t 

FreJudSm  mriting  ff&m  em  jMei4Mr  pmMtn  ea  infcedihiiyi  ^  th§ 
hmi.'^Thm  eeeim  of  prejadiaa  hitherte  aenitoad  may  be  daeoMd  pe« 
eelier  tor  the  most  pan  to  the  infancy  of  the  aoianee,  bm  oihaia  are  eom* 
■ee  to  the  6r8t  coltivators  of  ^ology  and  to  ourselves,  and  are  aH  singu- 
larly calculated  to  produce  ilic  buiuu  deception,  and  to  strengthen  our 
belief  ili:it  itie  course  ol  n  iinre  in  the  earlier  ages  dilTered  widely  fronai 
that  now  ( st;iltlished.  Although  these  circumstances  cannoi  he  iully  ex- 
plaiijed  Willioul  assuming  SOme  thni'^s  iis  provcii,  whicli  il  will  be  the 

ohjpct  of  another  part  of  this  work  to  Uemonainite,  U may  be  well  to  aUude 

V)  tliem  hripflv  in  iliis  jOace. 

The  tirsl  and  greatest  diOiculty,  then,  consists  in  an  habitual  imcon- 
aeiousnesa  that  our  position  as  observers  is  essentially  unfavourable,  when 
we  eadaefoerto  estimate  the  magnitude  of  the  changea-now  in  pmgieaa. 
I»  eeeaeqeeiaa  of  our  inattattlaoe  to  this  suhject,  worm  liable  to  seriooe 
Biistakes  in  contrasting  the  present  with  the  former  states  of  the  globes 
Aa  dwellm  ee  the  laed,  we  iehabit  abem  a  feoith  part  of  the  aeiCMe; 
end  thai  peitieit  ie  elneal  eidiielfely  e  thaatfo  of  deoitf »  and  not  of 
leprododhm.  We  heew*  Indeedt  thai  new  depoaile  m  emiaUy  leaned 
hi  am  end  lehse,  aed  thel  miy  yw  aem  new  igoeeea  loeka  m  pfO- 
diieed  hi  the  bowela  of  the  earth,  bet  we  eenoot  waleh  the  pae^fm  of 
Iheir  fonnaiioD ;  aod  aa  they  m  only  premi  to  our  aaiada  by  the  aid  of 
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Teflectton,  it  requires  an  effort  both  of  the  reason  and  the  imagination  to 

appreciate  duly  their  importance.  It  is,  Uicrefore,  not  surpnsinjr  that  we 
estimate  very  iiiipericcily  the  result  of  operations  iliuii  iaviaible  to  us; 
and  that,  when  analogous  rrsulis  of  former  epochs  are  presented  to  our 
inspeclinn,  we  cannot  immc  diaiely  recognise  the  analogy.  He  who  has 
observed  ihe  qnarryln^^  of  stone  from  a  roL  k,  and  has  seen  it  shipped  for 
some  diiiinnt  port,  and  then  endeavours  to  conceive  what  kind  oi  cdidce 
\viU  be  raised  by  the  materials,  is  in  the  same  predicament  as  a  geohtnri^t, 
who,  while  he  is  confined  to  the  land,  sees  the  decomposition , of  rocks, 
mad  the  transportation  of  mailer  by  rivers  to  the  sea,  and  then  endeavours 
10  pietaie  to  hioMeU  tho  now  ttnta  whitb  Natnio  it  bwkliag  baMiih  tht 
wati^rs. 

Pf^udiuM  anting  fimn  our  not  tteing  tublenmmm  riUmys^'  Nor 
if  hit  potitiott  lott  aafiivombit  whon*  htiMiMif  a  voIoumo  tmpUoB,  ho 
tritt  to  eonctif  e  wh«t  ehtogat  tho  colatnn  of  lati  Int  piodiiotd«  u  itt 
pttMigo  tpwtpdt*  OB  the  ioltnteitcl  ttnlt;  or  whtl  fim  tho  oitltod 
in  mwj  tttamo  tt  fitot  doplht  on  eooUoi^i  or  whtl  wmj  bo  Iho  oxiooiof 
Iho  tttblerrMiota  rifoio  and  icttfvoin  of  liquid  OMilor  Ibv  btaoath  ibo 
torfaeo.  It  thoolcl,  thefefore«  bo  ionioaibtiod«  lhal  iho  tatk  faapotod  oft 
thoao  who  ttodjr  tho  oarth*t  hittory  reqoiiot  no  onitoaiy  thart  of  ditov^ 
tioo;  for  wo  tfo  pradodtd  fiom  eoUatiof  tho  tonoipooding  partt  of  tho 
•^tem  of  things  as  it  exists  now,  and  as  it  existed  at  former  periods. 
If  we  were  inhabitants  of  another  element — if  the  great  ocean  were  our 
domain,  instead  of  the  narrow  haiits  of  the  land,  our  difficulties  would  be 
considerahly  lessened;  while,  on  the  other  hand,  there  can  be  little 
doubt,  aUhougli  the  reader  may,  perii;ips,  smile  at  the  bare  suggestion  of 
such  an  idea,  that  an  amphibious  being,  \s  Ikj  sfioiiUl  po^scgs  our  facul- 
ties, would  slill  more  e;i?i)y  arrive  at  sound  theoretical  opinions  m  ^eo* 
logy,  since  he  miglit  behohi,  oi\  ilic  one  lumth  tlie  decomposition  of  rocks 
in  the  atmosphere,  or  the  transportation  oi  matter  by  running  water;  andt 
on  the  other,  examine  ihe  deposition  of  sediment  in  the  sea,  and  the 
imbodding  of  animal  and  vegetable  remains  in  Mw  strata*  ilo  night 
ateartain,  by  diiaat  ohatrvalioot  the  aetion  of  a  OMMotaiB  tonenti  aa  well 
aa  of  a  ouirine  current ;  might  compare  tho  produc*.a  of  foleaoot  pooiod 
ool  opoo  tho  land  with  thota  ejected  beneath  ibo  waloiai  aod  mlfbt 
mirhf  oo  tho  ooo  hand*  tho  growth  of  tho  foroat,  and  oo  Iho  other  thai 
of  fho  ooral  rotf.  Yot»  ofon  with  thon  adfaoiagta»ho  wooU  bo  liahio  to 
fidl  into  tho  gveat«torron  whon  andtafourteg  to  faaaon  oa  rooha  of  aoh- 
tarranaan  origin.  Ho  woolil  tatk  in  vain,  within  Iho  aphtto  of  hit 
obaerfaiion,  for  any  dinot  analogy  to  tho  piootto  of  Ihoir  fermatioot  and 
woold  thorafoio  bo  in  danger  of  attribating  thoni»  whoiovar  ihey  aio 
npraiaed  to  ww,  to  aoao    primotal  aiala  of  aalnio.** 

Bol  if  wo  nay  bo  allowed  ao  far  to  indulge  tho  imagination,  as  to  sup- 
pose a  being  enturely  confined  to  the  nether  world^ — some  dusky 
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nelanelioly  ■prile,*'  like  Umbriel,  who  could  **  flit  on  iooty  pinions  to 
the  central  earth,"  but  who  was  never  permitted  to  •*  gully  the  fair  face 
of  liffht,"  and  cincrgre  into  the  regions  of  water  and  of  air;  and  if  Uus 
being  should  busy  himself  in  investijraiincr  the  structure  of  the  globe,  he 
might  frame  theories  the  exact  conver^r  of  those  usually  adojilcd  by 
human  philosophers.  He  might  infer  tiiat  tiie  siraulietl  rocks,  contMining 
shells  nnd  other  organic  remains,  were  the  oldest  of  created  things, 
belonging  to  some  original  and  nascent  stale  of  the  planet,  *' Of  these 
masses,"  he  might  say,  **  whether  they  consist  of  loose  incoherent  r«and, 
soft  ciay,  or  solid  stone,  none  have  been  formed  in  modern  times.  Every 
year  some  part  of  them  are  broken  iuid  ibattend  by  earthquakes,  or 
melted  by  volcanic  fire  $  end,  when  Ibey  eool  down  elowly  from  a  state 
of  fusion,  they  assume  a  new  and  more  eryatalline  form*  no  longer  exhib* 
itiog  that  stratified  disposition,  and  those  enrious  impressions  and  fan- 
taotie  markings,  by  wbieh  they  were  previously  eharaeteriaed.  This  pro- 
eeea  cannot  have  been  carried  on  for  an  indefinite  time,  lor  in  that  ease 
all  the  eiratified  rocks  wonld  long  ere  this  have  been  fused  and  erystal- 
lited.  It  is  therefore  probable  that  tho  whole  planet  once  consisted  of 
theee  oijrsterioas  and  carionsly  bedded  formations  at  a  time  when  the 
volcanic  fire  had  not  yet  been  brought  into  activity.  Sbce  that  period 
there  seems  to  have  been  a  gradual  development  of  heat ;  and  this  aug- 
mentation we  may  expect  to  continue  till  the  whole  globe  shall  be  in  a 
state  of  fluidity  and  incandescence.** 

Sucli  might  be  ilio  sysu-ni  of  the  Cinome  at  the  very  time  that  the  fol- 
lowers of  Leibnitz,  rcasotiing  on  what  they  uaw  on  the  outer  surface, 
iDigiit  be  teaching  the  opposite  doctrine  of  gradual  refrigeration,  and  aver- 
rin?  ihat  the  earth  had  begun  its  career  as  a  fiery  comet,  and  might  be 
desuncd  hereafter  to  become  a  froz-eii  mass.  'J'he  tcoets  of  the  schools 
ol  the  nclher  and  of  the  upi^er  world  wouki  l)c  directly  opposed  to  each 
other,  for  both  would  partake  of  the  prejudices  inevitably  resulting  from 
the  continual  contemplation  of  one  class  of  phenomena  to  the  exdosaon 
of  another.  Man  observes  the  annual  decomposition  of  crystalline  and 
igneous  rocks,  and  may  sometimes  see  their  conversion  into  stratified 
deposits ;  but  ho  cannot  witness  the  reconversion  of  the  sedimentary  into 
the  crystalline  by  subterranean  fire.  He  is  in  the  habit  of  regarding  all 
the  sedimontuy  rocks  as  more  recent  than  the  uostratified,  for  the  same 
leason  that  we  may  suppose  him  to  fall  into  the  opposite  emr  if  he  saw 
the  origin  of  the  igneous  class  only* 

ASSUMPTION  OF  THE  DISCORDANCE  OF  THE  ANCIENT  AUD  £XiSTUiO 
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It  is  only  by  becoming  sensible  oi  our  natural  disadvantages  that  we 
shall  be  routed  lo  exertion,  and  prompted  to  seek  out  opporiumues  uf 
Vol.  I.— M 
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observing^  such  of  llie  opprfllions  now  in  process,  as  do  not  present  them- 
selves readiiy  to  view.  We  nre  railed  upon,  lU  our  rese:\rches  into  the  state 
df  the  earth,  ai  in  our  endeavours  to  comprehend  the  mecbaaism  of  the 
hearena,  to  invent  means  for  overcoming  the  limited  range  of  oor  Tiaioii. 
We  in  perpetually  required  to  bring,  ai  to  at  possible,  within  the 
gpheM  of  nbsemtiott,  ll^iiige  to  whieh  tiM  «fB«  masieltd  «tp  mU 
amr  obtain  ieeesa. 

It  wM  not  an  impoetible  contingentyt  ^^tM  wlionenierB  miglit  hmm 
htm  pAitfed  M  aome  period  fai  •  aitgotkwi  math  immUm^  that  In  m  VUk 
the  goologist  aeenta  ta  aland  at  praaaat,  IT  tlia  ItaiiaMy  Ibr  ataapby  m 
tile  earix  part  of  tho  twolMi  oantniyi  M  diaoof  oiod  at  AiaaU,  inataad  oC 
fte  pandaela  of  Jnatitiiafl,  mm  aiiolaMt  naMMoripla  illad  with  oaliw 
nomteal  obaarfttioaa  labtiaf  ta  a  period  of  tOM  7aifa«  and  OMde  by 
aouie  anciattt  gaoinatafa  wlki  poaaaaaad  ofiiari  ioatMMrii  aa  peidMa 
ai  any  In  mofail  Europe,  \hey  wonid,  probably,  on  ooaratting  tliaoo 
maninrials,  hate  eoaso  to  a  eondoaiOB  that  than  had  haan  a  gram  fovo* 
lution  in  the  solar  and  sidereal  systems.  **  Many  primary  and  secondary 
planets,'*  they  might  say,  "are  enumerated  in  these  tables,  which  exist 
no  longer.  Their  posiiions  are  assigned  vvitli  such  precision,  that  we 
may  assure  ourselves  liiat  there  is  nothing  in  their  place  at  present  but 
the  blue  ether.  Where  one  star  is  visible  to  us,  these  documenis  repre- 
sent several  lljousaiidg.  Son.e  ot  those  which  are  now  single,  consisted 
then  of  two  separate  bodies,  ofien  distinguished  by  different  colours,  nnd 
revolving  periodicall v  routid  common  centre  of  gravity.  'I'here  is 
noiliing  analogous  to  them  in  the  universe  at  present;  for  they  wm 
neither  fixed  stars  nor  planets,  but  seem  to  have  stood  in  the  mutual  rela» 
tion  of  son  and  planet  to  each  other.  Wo  moat  aoMfaida»  ihawfoio»  thaO 
tiiere  has  ocetirn^d,  at  no  distant  peiM^  a  tremendooa  aahMaplM^ 
Whateby  thousands  of  worlds  have  been  MiiiUulated  at  once,  and  oaino 
hoavenly  bodies  absorbed  inw  tho  anhataoa  Of  oihaia«"  Whan  aoah 
dbonteea  had  ptotailod  ht  ages,  the  dieeevery  of  one  of  the  wot)d% 
anppdsed  to  hafo  baaa  laat,  by  Aw  aid  of  ibo  fliot  nido  laleaoa|w  in* 
fairtod  aftar  ttko  to? Ifal  of  iolonee,  worid  Mt  dMpato  iho  MMion*  §m 
tho  %faoio  hOfdoB  of  pnof  woold  now  bo  difowu  on  dioio  who  hMialad 
an  tfio  flaMlity  of  tho  ayMem  from  a  MNWte  perkid,  and  itmt  philo* 
aophoia  woold  bo  to^iod  la  dontonainta  tha  oiialOBaa  of  dl  tho  w«iMa 
aaU  toliM  been  amilhilatad* 

fioeh  popular  prejudkea  woold  be  most  unfavoamble  to  the  advanca- 
mont  of  aatfooomy  ;  for,  instead  of  persevering  in  the  aucn^pt  to  imi  rove 
their  instruments,  and  laboriously  to  make  and  rcc*ir  1  ub&er vaiions,  liie 
greater  number  would  dc^piiir  ut  venlyuig  tiie  continued  existence  ol  the 
heavenly  bodies  not  visible  to  the  naked  eye.  Instead  of  confei^sinir  the 
extent  of  their  i^orance,  nnd  strivinf;  to  remove  it  hy  hringin^r  lo  light 
new  facts,  they  would  mdulge  in  the  more  easy  and  indoleat  employment 
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9f  fnmmg  imtiginnf  tbMciM  tanmmg  oatMttoplicii  iii4  nigbtj  mo- 
kitiont  in  tbo  fysteni  «f  tbe  nnivent. 

f^r  mm  Hkm  tva  oaatoriM  the  thdly  slrau  of  the  SnbipeDiiuw  hiD9 
•ffonM  nrattar  of  spMlttioii  to  tfao  early  geologiaU  of  lia\y^  and  few  pf 
thooi  had  any  eoapieion  that  similar  depoeita  were  then  forming  in  the 
neighbouring  sea.  They  were  as  unconscious  of  the  coutiiiucd  acuon  of 
eaases  stiU  producing  similar  eilecu,  as  tiie  asirooomjers,  in  the  case 
above  supposed,  of  the  existence  of  certain  lieavenly  bodies  suii  giving 
and  reflecting  ligiit,  and  performing  their  movements  as  of  old.  Some 
imngined  thai  the  strata,  so  ncli  in  organic  remains,  instead  of  bring  due 
to  secondary  agents,  had  been  so  created  in  the  beginning  of  things  by 
tlie  iiat  of  tlie  Almighty  ;  and  others  ascribed  tlie  imbedded  fossil  bodies 
to  some  plastic  power  which  resided  in  Uie  earth  in  the  early  ages  of  the 
world.  At  length  Donaii  oxplorod  tha  bed  of  the  Adriatic,  and  found  thD 
closest  iMemblanee  between  the  new  deposits  there  formio^t  lUid  ^hoee 
which  eootlitiUed  hills  above  a  thousand  leel  high  ill  mious  parif  of  thu 
iMliaa  ipaBbanU.  0a  woartaioad  that  cartaia  g«naia  of  Uvinf  teataeaa 
mtm  sraofad  to^sthar  al  tha  battoai  «f  tha  aaa»  ia  firaeiaalj  lha  nm 
nannor  aa  vava  th«r  foaiil  anwloyw  in  tha  aliita  of  tha  hiUa,  and  tha( 
aoaM  apaaiaa  van  cobubmui  to  tha  fecaat  an^  AMail  iaoild»  Bada  of 
afaaNar  aMnaoWt  kk  tha  AdriatiPt  wara  baaooiuig  ineniatad  with  ealeareona 
foek :  and  otheta  wava  raaaatly  ioeloaad  k  dapoaita  of  eaad  aad  clay, 
precisely  as  laaaU  ahalhi  waia  (band  in  the  hUla*  This  splendid  discovery 
af  the  identity  of  modern  and  ancient  submarine  operations  was  nut 
made  without  the  aid  of  artificial  instruments,  which,  like  ihe  tclcsce)pe, 
brought  phenomena  into  view  not  otherwise  wiikiu  ihe  sphere  of  humau 
ebsenration. 

In  like  manner,  in  the  Vicentin,  a  great  series  of  volcanic  and  marine 
sedimentary  rocks  was  examined  in  the  early  part  of  the  last  cetUury  ; 
but  no  geologists  suspected,  before  the  lime  of  Arduino,  that  these  were 
parliy  composed  of  ancient  submarine  lavas.  If,  when  these  inquiries 
were  first  made,  geologists  had  been  told  that  the  mode  of  formation  of 
aaeh  jrooka  miffat  be  fully  elucidated  by  the  study  of  processes  then  going 
on  in  certain  jHirts  of  the  Mediterranean,  they  would  have  bean  aa 
iooedulous  as  geonataia  would  have  baan  bafiura  tha  time  .of  Nawton,  if 
any  one  had  iofisrvad  tham  that,  by  making  experimenta  on  the  motion 
af  bodiaa  on  tha  aarth«  they  might  diaaover  the  laws  which  ifgolatad  tha 
aoTomeata  of  diatant  phmeta. 

Tha  aatabliahmenti  firom  time  to  tinia«  of  nnroeiona  pointa  of  idantifiea* 
tiao,  draw  at  length  firom  gaologiats  a  lehietant  admiiaion,  that  there  waa 
ma  eorrespondanca  between  the  phyeica]  eonaiitution  of  the  globe,  and 
aoia  onifonnity  in  tha  lawa  regulating  tha  changes  of  ito  snrfaee,  from 
Iba  moat  vaaiota  araa  to  the  present*  than  they  at  first  imagined.  If,  in 
this  state  of  the  science,  ibey  still  despaired  of  reconciling  every  ciaas  of 
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geologied  ph«iionMiim  It  IIm  op«niHMui  of  oidfaiai/  MUMt,  ewtt  ^ 
•tninlng  anilogy  to  the  oCnotl  Itnili  of  crediUlQrf  wo  might  hum 
ozpeoled,  at  l«ut»  lliat  tho  Manoo  of  fitMbOillf  wooU  mw  hum  beea 
imiiiiiiod  to  Indiiio  toirardi  tho  idoniiiy  of  tlio  oaoMi.  B«t,  ate 

repeatecl  experience  of  the  fnlore  of  attenpti  to  epeoilata  o«  difionat 

classes  of  geological  phenomena,  as  belonging  to  a  dietiact  order  of 
ihiugs,  each  new  sect  persevered  SN'slemalically  in  ihe  principles  adopted 
by  their  predecessors.  They  invariably  began,  as  each  new  problem 
presented  itself,  whether  relating  to  the  aninaale  or  inanituale  world,  to 
assume  in  their  tbtorieii,  thai  the  ecoiKuny  of  nature  was  formerly 
governed  by  rules  for  the  most  part  independent  of  x\\osv.  uow  <  si:\hHshe(l. 
Whether  ihpy  endpnvotired  to  account  for  the  ongui  ot  certain  igneoua 
rocks,  or  to  explain  ilir  forces  which  elevated  hills  or  rxcavated  valleys, 
or  the  causes  which  led  to  liie  exlinciioti  of  rertnui  nu'cs  ol  nniinais,  the 
first  preflupp<Med  an  original  and  dissimilar  order  of  nature  ;  and  when  at 
lengtli  they  approximated,  or  entirely  came  ronnd  to  an  opposite  opioioD* 
it  was  always  with  the  feeling,  that  they  cooooded  what  Utay  were  jVMip 
fied  a  priori  in  deeming  improbable.  In  a  wotcI»  the  aamo  wm  wIhd^  as 
ttaonal  philoaophon,  woold  have  been  moat  hmdnloaa  respeetlng  aaj 
cxtMrdiaarj  daviationa  fron  the  known  oome  of  ttaliiia,  if  mpohtA  i» 
bate  happened  in  tkeir  mm  Ifme,  were  aqoallj  diapoaodt  aa  geoiqpali^ 
to  etpeet  the  proofa  of  aueh  denaliona  at  ofwy  parM  of  the  ptai. 

I  aball  now  prooeed  to  onnoiefalo  aonn  of  Iho  prinotpal  difcwtriw 
Hill  opposed  to  Uio  theory  of  the  oniformity  of  the  oaotoa  which  havi 
worked  aaeceasiTo  ohangea  in  the  emt  of  the  oarih«  and  in  the  eondiiian 
«f  its  living  inhabitanli.  The  diaeoaaion  of  ao  iasporlMit  a  qoaatto>  en 
the  present  occasion  may  appear  prematore,  bat  it  ia  ono  whieh  natoratty 
arises  out  of  a  review  of  the  former  history  of  the  seienee.  It  is,  of 
course,  impossible  to  i  nu  r  fully  into  such  speculative  topics,  without 
occasionally  carr\  uil';  ilie  novice  beyond  las  depth,  and  appealing  to  I'.ivis 
and  concluMons  wiih  which  he  must  as  yet  be  unacquainted;  but  liis 
curiosity  ( injiiui  fad  to  be  excited  by  having  his  attentu*!!  nl  once  called 
to  sninc  uf  the  principal  points  in  controversy,  and  afti  r  rcadinL'^  the 
second,  third,  and  fourth  books,  he  may  return  agaiu  to  these  preiimioaiy 
essays  with  increased  inleres>l  and  protit. 

First,  then,  it  is  undeniable,  that  many  objections  to  the  doctrine  of  the 
omform  agency  of  geological  caoaea  hare  been  partially  or  onliraly 
removed  by  the  progiasa  of  the  science  during  the  last  forty  years.  It 
was  objected,  for  example»  to  those  who  eodeavoored  to  explain  the 
formation  of  sedimentary  strata  by  eaoaes  now  in  dinmal  aeiion,  that 
they  moat  take  for  granted  incalculable  perioda  of  time.  Now  the  time 
which  they  lequired  baa  ainoe  beeome  cqoaDy  leqniaite  to  aceonnt  for 
another  clasa  of  phenomena  biongbt  to  light  by  mora  recent  hiveatigationa. 
It  mnat  alwaya  have  been  evident  to  nnbiasaed  minda»  that  ancoaaaivo 
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strata,  containing,  in  reprular  order  of  superposition,  distinct  shells  and 
corals,  arranged  in  families  as  they  grow  at  ilie  bottom  of  thf  sea,  could 
only  have  been  formed  by  slow  and  insensible  deirrees  iti  a  t^^reai  lapse  of 
ages:  jeU  until  organic  remains  were  minutely  examined  and  specitiealiy 
deUumioed,  it  was  rarely  possible  to  prove  that  the  series  of  deposits  met 
with  in  ooe  country  was  not  formed  simultaneoutly  with  that  found  in 
another.  Bat  we  are  now  able  to  determine,  in  nnnierooa  inalanceet  the 
relattfte  dates  of  sedimentary  reeka  in  diatant  regiooa,  and  to  show,  by 
their  organie  i«Dialna«  that  they  were  not  of  oontemporary  origin*  but 
foFined  in  anccMion.  We  oilttn  find,  that  where  an  intemption  in  the 
eonaeentivo  fonnationa  in  one  diatriei  ia  indieated  hy  a  andden  tnnaltion 
from  on#  aaaemblage  of  foaail  apeeiea  to  another,  the  ehaam  ia  filled  op, 
in  ioiae  mher  diitrieti  by  important  gronpe  of  attata** 

The  moce-  attentively  we  atndy  the  European  continent,  the  gieaiar  we 
find  the  eztenaion  of  the  wl|oile  aeriea  of  geokgleBl  fennationa.  No 
eooner  doea  the  ealendir  appear  to  be  eonpleted,  and  the  aigna  of  a  ano*  / 
cession  of  physical  events  arranged  in  chronological  order,  than  we  are 
called  upon  to  intercalate,  as  it  were,  some  new  period  of  vast  duration. 
A  geologist,  whose  observations  liave  been  coniiiicd  to  England,  is  nccus- 
tomed  to  consider  the  superior  and  newer  groups  of  marine  strata  in  our 
island  as  modern, — -and  such  thoy  arc,  comparatively  spealcing  ;  but 
when  he  has  travelled  through  the  Italian  peninsula  and  Sicily,  and  has 
seen  strata  oi  more  recent  orig^in  forming  mountains  several  thousand 
fioet  high,  and  has  marked  a  long  series  both  of  volcanic  and  submarine 
opeialions,  all  newer  than  any  of  the  regular  strata  which  enter  largely 
into  the  physical  structure  of  Great  Britain,  he  vetoma  with  more  exalted 
eoneepttons  of  the  antiquity  of  some  of  our  modem  depoaita  than  lie  y 
before  entertained  of  the  oldeat  of  the  Britiah  aeriea. 

We  cannot  refieet  on  the  ooDceaaiona  thna  extorled  from  na,  in  regard 
to  the  dnration  of  peat  tine,  wilhont  foreaeeing  thai  the  period  may 
arrive  when  part  of  the  Hnttonian  theoiy  will  be  eombetled  on  the  ground 
of  ita  departing  too  far  from  the  analogy  ef  the  preaent  eonrae  of  nature. 
On  a  eloaer  invee^gation  of  extinct  Toleanoa,  we  find  prooft  that  they 
broke  out  at  anoceaaive  eraa,  and  that  the  eruptiona  of  one  group  were 
often  concluded  long  before  others  had  cemneneed  their  activity.  Some 
were  burning  when  one  class  of  organic  beings  were  in  ezittenee,  othera 
came  into  action  when  a  diflerent  and  new  race  of  animals  and  plants 
existed : — it  is  more  than  probable,  ihurefore,  thai  ihti  convulsion;?  caused 
by  subterranean  movements,  which  seem  to  be  merely  another  poruou  of 
the  volcanic  phenomena,  have  also  occurred  in  succession;  and  their 
effects  roust  be  divided  into  separate  sums,  and  assiigned  to  separate  y 
perioda  of  time.    Nor  ia  this  ail :  when  we  examine  the  volcanic  pro- 

*  Sst  Book  iv.  chap.  iii. 
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4»oli»  wliediar4lwytekffi»wbadifl»iptd«atwdarwil^  w  vpoadiy 
iHid,  w  find  tkttt  imimli  of  tioMj^  oAen  of  giM  iatemMd 
batiVM  tlMir  fioMlioBi  Md  Ihtt  te^ftiH  ftf  ai^il*  MpiMM  wm  not 
|f«al«r  ift  mtvmi  thaa  ihMa  wIM  now  PMolt  Aoai  oiduny  voleaaie 
MTdMom.  Tlie  mompaogrlBf  «r  pimdiflf  wth^Mkni  thtinfiawt 
mmf  h%  emMtnd  lo  ham  ham  aho  iiiflroMift  oiOw  kwamiplid  bjr  knif 
interralfl  of  time,  sad  not  to  have  ezeotdtd  ia  violtBAe  UuM  now 
rienced  in  the  ordinary  oeurse  of  nature* 

Already,  ihcrefore,  may  we  regard  the  doctrine  of  the  sudden  elevation 
ot  \v  iiule  contiiieiiLs  by  p^roxy  bniA  eruptions  as  iuvalulaicd  ;  and  ihere 
was  the  g^reatesi  inconsistency  in  the  adoption  of  such  a  tenei  by  tlie 
Huttoniant),  wiio  were  anxious  to  reconcile  former  changes  lo  the  preseat 
economy  of  tlie  world.  It  was  coDlrary  to  aualopy  to  6up[)osp,  iliat 
Nature  had  been  at  any  former  epooh  parsimonious  of  lime  ami  prociig-al 
of  violence— to  imagine  that  one  district  was  not  at  rest,  while  another 
WBi convulsed — thai  the  disturbing  forces  were  not  kept  uniler  subjection, 
SO  as  never  to  carry  simoltaneouB  havoc  and  desolation  over  ihe  whole 
flirtht  or  «ven  over  one  gfMi  region.  If  it  could  have  been  jbovfti  UmI« 
eerttin  combination  of  eirwimilMrgs  vovkl  at  some  future  period  pv^ 
.tea  a  ensM  mi  Ika  Uklummauk  aMm,  we  should  certainly  havt  kad  m 
right  to  oppose  oor.  oxperience  for  tho  ImI  tfama  thowaad  ytata  as  an 
•ignmaat  against  the  pfobobiUtjr  of  8Mb  oawwanaaa  m  paaft agap}  liol ii 
ia  Mit  paolaodod  thai  aoob  a  itHPbiBatiiHi  aao  ba  fooniaan- 

1m  opoanlaliqf  am  oaaaliiifhaa  by  watort  ha  my  oarlainly  aatieipala 
gtaat  floada  in  Amdni  aad  «t  My  thaaafim  puiawa  that  ihiQrhofo 
happeoad  i^n  aod  agaio  in  paal  tiMB,  Tho  ogialaiiaa  of  OMnaooa 
aaas  of  fmah  volar*  anah  aa  the  Narth  AMtas  Iahaa»  tha  oaifrea  of  Iho 
largast  of  which  it  aiatoled  waon  dum  000  feet  abofo  tha  la«al  of  liia 
ocean,  and  is  in  parts  1200  feet  deep,  is  alone  sufficient  to  assure  us,  (hat 
the  time  may  come,  however  distant,  when  a  deluge  may  lay  waste  a 
considerable  part  of  the  American  contmcul-  IVu  hy])othctical  agency  is 
required  lo  cause  the  suddeu  eacapc  of  the  couilneU  waters.  Such 
changes  of  level,  and  opening  of  fissures,  as  have  accompanied  earth- 
quakes since  the  commencement  of  die  present  century,  or  Buch  excava- 
tion of  ravines  as  tlie  receding  cataract  of  Ninj^ara  i.s  now  eileciing, 
ni!phi  hrcacfi  the  barriers.  Notwithstanding,  llurcforc,  lliat  we  have 
not  witnessed  within  the  last  3000  years  the  devastation  by  deluge  of  a 
laifa  oontinent,  yet,  aa  we  may  predict  the  future  occurrence  of  such 
•atastrophes,  we  are  aiitlioriBed  to  regard  them  as  part  of  the  present 
'  mdar  of  Natani  aad  tlwy  may  be  introduced  into  geological  speoolatioBa 
aoapaeling  tho  past,  protidad  wa  do  aoi  imagine  them  to  hava  baan  noco 
6oqo«Bt  ar  gaoaial  thaa  we  expaal  Ihon  to  ba  ia  time  to  ooom. 

Tha  great  oootrast  in  the  aspect  of  the  older  aad  newer  loeka,  in 
taxtnie,  atmetaray  and  tha  damgaoient  of  ihe  atiatat  appeared  Ibnoeriy 
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one  of  tite  stronjgfest  grounds  for  presuming^  Ukii  ihe  causes  to  which  they 
owed  their  origin  were  pprfeclly  dissimihir  from  those  now  iti  operation. 
Bui  this  incon?niity  may  be  the  result  of  subsequent  modifications,  since 
the  difference  of  rebti^ve  age  is  demonstrated  to  liave  been  immense,  so 
that,  however  slow  and  insensible  the  change,  it  must  have  become 
important  in  the  conrae  of  to  many  aget.  In  addition  to  the  iitfl^'W  of 
volcanic  heat,  we  most  allow  for  the  effect  of  mechanieal  ftmmttf 
chemfcal  affinity,  of  percoIetioB  bf  maaml  vaters,  of  pamiMlirin  by 
■iMtie  MdB»  «id  the  action,  ptitape,  of  many  oth«r  ftteea  less  under* 
ilood,  such  aa  electricity  and  negnclMH.  The  extreme  of  alteralitti 
wludi  My  tint  te  effeetedy  at  probably  emmpiifad  in  ihm  hIgUy  «iy^ 
iiOfMt  «  p&Mtmm  lo  wUab  III*  hum  of  pfinMiy  ii  utoiily 

(Hmi  bvti]»tfl«oiyoriMroff|iBMifllb»poiipMdt»teoMfl^^ 

^mpiRV  Of       lOVffia  vomi* 

«r  miEit  H  fo  ovMoat  ikat  mw  fttUft  omwH  bo  fbdm  by  ootlbqaalM, 
vieit  tto  •nljoeeni  tcMiDi  tfo  iko  oibotodi  fo  tel tbo  ooolrait  In  iho 
foloiHo  degpneo  of  ^KitofboMO  In  Ibo  noio  nriMt  tn4  tho  nowof  ttista,  is 

one  of  many  proofs  that  Ao  oonvuleions  bafo  happened  in  different  eras, 
and  the  fact  confirms  the  uniformity  of  the  action  of  subierraueau  forces, 
instead  of  their  greater  violence  m  the  primeval  ages. 

Doctrine  of  Universal  Formalions. — The  popular  doctrine  of  universal 
forniatioiw,  or  the  unlimited  geographical  extent  of  strata,  distinguished  ^ 
by  similar  mitierai  characters,  appeared  for  a  h)ng  time  to  present  insur- 
mountable objections  to  the  supposition,  that  the  earth's  crust  had  been 
formed  by  causes  now  aclintr.  If  it  fiad  merely  been  assumed,  thnt  rocks 
originating  from  fusion  by  subterranean  fire  presented  in  all  parts  of  the 
globe  a  perfect  correspondence  in  their  mineral  eoroposition,  the  assump* 
tioo  mtM  not  have  been  oxttofngwrti  ibr«  M  tbo  elementary  oubetancoo 
Ifaol  Met  iMfdy  ibio  tbo  eompositlon  of  toeka  are  few  in  nimbert  Iboy  j 
may  be  ozpeoted  to  ittiDgo  tbomiolfos  ioTariaUy  in  the  eame  forms, 
wbonover  the  olomentary  partideii  am  ftooly  expoaed  to  the  actioii  of 
ohooiieal  aiftnitioa.  But  wboo  il  waa  inaghiad  Ibat  aedimootaiy  mix- 
lortay  inclodiiig  aniaud  and  T^gelablo  ramaina,  and  ofidondy  fonnod  in 
tbo  boda  of  aadont  lakoa  and  aaaa*  won  of  a  bomogoneooa  nataio  fbiongb* 
oot  a  wbolo  bomiapbore,  tbo  dogma  predoded  al  once  all  hope  of  lecog^ 
ntaing  tbo  aligbteai  analogy  baiwoen  the  ancient  and  modem  oanaea  of 
decay  and  reprodoetkNii  Wo  know  dial  aztating  rivexa  carry  down  ham 
diflbieot  noontatn  ebaina  aadimontof  diatlnci  ooloora  mndoompoaition: 
where  the  ehauia  are  near  tbo  aaa»  eoarae  aand  and  gravel  ia  awept  in ; 
where  they  are  distant,  the  finest  mod.  We  know,  also,  that  the  matter  ' 
introduced  by  springs  into  lakes  and  seas  is  very  diversified  in  mineral 
composition  ;  in  short,  contemporaneous  strata  now  in  the  progress  of 
formauon  are  greaiiy  varied  m  liieir  coiuposiiion,  and  could  never  afford 
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formations  of  homogeneoiu  witfii  iiigredknta  op-nlMift  villi  Hm 

greater  part  of  the  earth*s  eurface. 

This  theory,  however,  is  ui  trulli  as  inapplicable  to  the  geological 
monumenis  found  in  ihe  earth's  crust,  as  to  the  eflecU  oi  existing  causes. 
The  first  investigators  of  sedimentary  rocks  had  never  reflected  on  the 
great  areas  occupied  by  the  modern  deltas  of  large  rivers ;  still  less  on 
^  the  much  greater  areas  over  which  marine  currents,  preying  alikf^  on 
river-deltas,  and  continuous  lines  of  sea-coast,  difl'use  homogeneous  mix- 
tures.   Thev  were  ignorant  of  tiie  vn«?t  spaces  over  which  cidcarcous  and 
Other  mineral  springs  abound  upon  tlie  land  and  in  the  sea,  especially  m 
and  near  voleanie  regions,  aad  of  the  quantity  of  matter  discharged  by 
them.   When,  therefore,  ihey  ascertained  the  exlnit  of  the  geographical 
diatribation  of  eerteia  froope  of  anciest  etrata — when  fk»y  traced  them 
continuously  from  one  extremity  of  Europe  to  llio  olher«  and  fbond  theai 
flanking,  tbroofboal  tbeir  entire  nnge,  great  momiCriB  elienPf  tbey  were 
aataniafaed  at  so  unexpected  a  diicfety}  andt  eeoaideriBg  IheoMalfe*  ai 
liberty  to  diaregard  aU  modem  aaaiagyt  thef  iadnlfed  In  tiM  evaepiof  ^ 
feaenliialMMi,  that  ibe  law  of  eoMioulty  ptmilid  tilioogbMit  itiali  of 
ooMeffipamooaa  origia  over  Ibe  whole  plaiiel.  The  difienltjr  of  diaai* 
pating  thia  delaaien  wae*  ezlieiiev  heeanae  aoao  loefca*  fomed  under 
einilar  dreaoiBlaneee  at  didhnnt  epoeiMb  preaant  Ihe  aaaM  enamal  ehat* 
raeteie,  aid  oAm  the  aaaM  latamal  eonpeaMoof  aad  all  theae  vera 
aaaomed  to  be  contemporaBaooa  uuil  the  ooDtnry  eoald  be  ahowttv  wliieh» 
ia  the  afaaeaee  of  evideaoe  derifed  froai  direet  auperpoactioiic  and  in  the 
aeaioity  of  orgaaie  remains,  wai  oAen  impoeaible. 

Innumerable  other  false  generalizations  have  been  derived  from  the 
same  source;  such,  for  instance,  as  the  former  universality  of  ihe  ocean, 
now  disproved  by  llie  discover}'  of  the  remains  of  lenesiriai  vegetation  in 
strata  of  every  a^e,  even  the  most  ancient.  BtU  I  sliall  tlwell  no  longer 
on  expKuled  errors,  but  proceed  at  once  to  contend  against  wei^huer 

ottjecuons,  which  wiii  require  more  atientive  consideration. 
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mmuM,  BZAMiirATioir  or  tbm  ommoK  am  to  tbm  omooidamoi  or  rwm 

ANOtSHT  AMB  MdBISN  OAtfSBS  Or  CBAHOS. 

FkooA  that  the  efimtte  of  die  Noffthem  Hemiaplieie  wia  fimntrljr  hotter— IKteot 

fcoefiifrom  the  orgaide  remains  of  the  Sicilian  and  Italian  itrata — Proofii  AOBI 
•Balogy  derired  from  extinct  Qaadmpeda — Imbedding  of  animals  in  Iceberg! — 

Bit>^r'ian  Mammoths  (p.  100  )— Evidence  in  rt^gard  to  temperaturf ,  from  the  fiMStla 
of  tt  rtjary  and  secondary  roc ka  (p.  106.) — From  the  Plants  of  the  Coal  fonnation — 
Northern  limit  of  theae  fowila — Whether  such  plants  could  endure  the  long  con- 
liniiaiioe  of  aa  uetie  night  (p.  110.) 

CHmat€  qftke  Narthim  JESmdtpktn fmntrhf  hatUr^TwiMX  the  eGmtlt 
of  tha  Norllioni  HomUphero  hai  nndeigoiio  an  impoftaiil  change,  and 
that  its  mean  annoal  tempentore  niisl  once  have  resembled  that  new 

experienced  within  the  tropics,  was  the  opinion  of  some  of  Uie  first  natu- 
laiisLs  who  investigated  the  contents  of  ihe  ancient  strata.  Their  conjec- 
ture became  more  probable  when  the  shells  aud  corals  of  the  secondary 
rocks  were  more  carefully  examined;  for  these  organic  remains  were 
found  to  be  intimately  connected  by  generic  affinity  with  species  now 
living-  in  warmer  latitudes.  At  a  later  period,  many  reptiles,  such  as 
turtles,  tortoises,  and  large  saurian  animals,  ■were  discovered  in  European 
formations  in  great  abundaDce;  and  they  supplied  new  and  powerful 
arguments,  from  analogy,  in  soppoii  of  ihe  doctrine,  that  Ihe  heat  of  the 
climate  had  been  great  when  our  secondary  strata  were  deposited. 
Lastly,  when  the  botanist  turned  his  attention  to  the  apoeifie  determtiiit- 
tion  of  foaail  plaat8«  the  evidence  acquired  the  folleal  conflrmatlon ;  for 
tha  flon  of  a  eoonfij  it  peculiarly  inAaeiicad  by  leaperalm:  and  the 
aaeient  ?egetatioii  of  the  earth  mighty  moio  readily  than  the  forma  of 
aidmala«  have  aflbided  conflicting  pfoolcy  had  the  popular  theory  been 
wiihottt  fonndation.  When  the  eiamlnation  of  animal  and  TegetaUe 
lenaina  waa  extended  to  foeka  in  the  moat  northern  parte  of  Europe  and 
North  Ameijca,  and  even  to  Ihe  Aretio  regiona*  indieationa  of  the  aama 
lerolnlion  in  climate  were  dieeovered. 

It  cannot  be  said,  that  in  this,  as  in  many  other  departments  of  geology, 
we  have  investigated  the  phenomena  of  former  eras,  and  neglected  those 
of  the  present  state  of  things.  On  the  contrary,  since  the  (Irst  agitation 
of  this  interesting  question,  the  accessions  to  our  knowledge  of  living 
anidiahs  and  plants  have  been  immense,  and  have  far  surpassed  all  the 
data  previously  obtained  for  generalizing,  concerning  the  relation  of  cer^ 
Vol.  L—N 
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tain  typM  of  oigmizatioii  to  particular  elimatea.  The  tropieal  aod  tem- 
perate zones  of  South  America  and  of  Australia  have  been  explored ;  and, 
on  close  comparison,  it  has  been  fouiid,  ihai  scarcely  any  of  the  species 
of  the  animate  creation  in  these  extensiire  coniiiients  are  identical  with 
those  inhabiting  the  old  world.  Yet  the  zoolojzisl  and  botanist,  well  ac- 
quainted wiih  the  geographical  distribution  oi  organic  beings  in  other 
part^  of  the  globe,  would  have  been  able,  if  distinct  groups  of  species  had 
been  preseriunl  to  ihe'm  from  these  region?,  lo  rec(ignise  those  which  had 
been  collected  from  iatitudea  withiot  aod  thgae  which  weie  hrou^t  irom 
without  the  tropics. 

Before  I  attempl  lo  explain  tlie  probable  causes  of  great  viciasitiidea  of 
temperature  on  the  earth's  iur^Mse,  I  shall  teke  a  rapid  view  of  some  of 
the  principal  data  which  appear  te  sapport  the  popular  opinions  now  en* 
tertaioed  on  the  subject.  To  iosist  oo  the  sou&doeas  of  these  inferenceSt 
is  the  more  necessary,  beeanse  some  zoologists  have  of  late  undeftaken  to 
▼iodioate  the  nnifonnity  of  the  laws  of  nature,  ooi  by  aeeoaiitiiig  for  foraoer 
floctnatioiis  in  elimatei  b«t  by  deayiof  the  filM  of  the  evidoMft  in  Iheir 
fafonr.* 

Direti  proofs  from  tkt  JbuU  rtmmm  ^  Hving  speosi^^t  Is  not 
merely  by  reasooing  fnm  analogy  that  we  an  led  to  inlinr  a  diminatiott 
of  ttmperetore  in  the  climate  of  Europe ;  there  are  direel  praofr  In  oon* 

firmation  of  the  same  doctrine,  in  the  only  countries  hitherto  investigated 
by  expert  geologi&Ls,  where  we  could  expect  to  mueL  wilh  such  proofs. 
It  is  not  in  England  or  Northern  France,  but  around  the  borders  of  the 
Mediterranean,  from  the  South  of  Spain  to  Calabria,  and  in  the  islands  of 
the  Mediterranean,  liiat  we  must  look  for  conclusive  evidence  on  this 
question  ;  for  it  is  not  in  strata  where  the  organic  remains  belong  to  ex- 
tinct species,  but  where  living  species  abound  in  a  fossil  state,  that  a 
theory  of  climate  can  be  subjected  to  the  expeiimeotura  craeis.  In  Sicily, 
Ischia,  and  Calabria,  where  the  fossil  testacea  of  the  more  neent  stfate 
belong  almost  entirely  to  species  now  inhabiting  the  Meditemneant  the 
eonehologist  remarks,  that  iodiridaais  in  the  inland  deposite  often  ozoeed 
in  their  avenge  sine  their  living  anelognes»  as  if  the  citoamstanees  nnder 
whieh  they  ftmeriy  Ufnd  were  more  favoanblo  to  their  development 
Tet  no  dottbt  can  be  entertained  of  their  speoifie  identic  on  the  gninnd  of 
■neh  dlffsrenee  in  their  dimensions ;  because  living  indlvidnals  of  many 
of  these  species  still  attein,  in  warmer  latitudes,  the  avenge  sine  of  the 
Ibssils. 

I  collected  several  hundred  species  of  shells  in  Sicily,  at  different  ele- 
Yuiiuns,  sometime:)  from  one  thousand  lo  three  thousand  feet  above  tlie 

•       two  articles  by  the  Rnv  Dr  Flf^ming,  in  the  Edinbu^h  New  Fhil.  Jomn. 
No.  xii.  p.  m,  Apiil,  1869 ;  and  No.  xr.  p.  65,  Jan.  1830. 
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I     level  vrilMiMiMd  Arty  tpfldwtr  MOM  lalnlib,  parU7lta<«nil^^ 
I      tkwi  ofabofg  erne  thoaimd  let,  ind  thete  ww  tMillrily  iwwipMwl  with 
<      nam  sMb  proomdl  by  Frofetsor  O.  G.  Costa,  from  the  Neapolitan 
t      MBB.    Not  only  were  the  fossil  species  for  the  most  part  iileaiicul  with 
*       those  now  livitig,  but  ilic  n  UiUve  abundance  in  which  different  species 
:       occur  in  the  strau  and  in  the  sea  corresponds  in  a  remarkable  manner. 
-       Yet  tlie  larger  average  si55e  of  the  fosMl  individuals  cl  manv  species  was 
▼cry  sirikmg.    A  comparison  oi  the  i'ossil  pjielU  of  the  more  inocli  rn 
strata  of  C  el ohria  and  Otntnto,  in  the  ct^lectioa  ol  Fiofossor  Coeta,  afionied 
similar  refill tH. 

t  Ab  w t  proceed  noriliwards  in  the  Italian  peninsula,  and  pass  from  the 

!       region  of  active  to  that  of  extinct  volcanos,  we  find  the  uns— iMngr  of 
fossil  shells,  in  the  modern  (Sabapennine)  stnti,  to  depati  aomewhat 
I      more  widely  from  the  type  of  tiM  neighbouring  seas.   The  praponion  of 
t       apecifs  identifiable  with  Ihow  now  living  im  the  Mediterranean  is  alfll 
I      •cwnidaimbic ;  Iwt  it  —  kfor  ptiisMiaiin,  as  in  tha  Swrth  of  ltaiy»  ofW 
ibfBmkamwm  apatiies.  AltlMigh  «eaaii^g  in  Millaa  whiah  an  » 
Mftd  ianMil  dawaa  Iwlliar  Ara  dio  MMrtor  (9b  M  SImuhl  Pmw* 

«f  ibnm  m  tommita  to  Iha  ftatepmiriM  IriMii  «d  Ibe  iUdhennaM»  awl 
ta  Indin  OoasB.  TImm  In  Hm  IbaaililMi  and  tinir  living  analogoai 
ftm  4m  tropics,  eeriMpow^  in  aliai  whMii  Ifaa  iajjiykhiaia  of  tiia  smm 
i^peeies  from  ^  Medllwnfaoaan  iva  ^wuM,  tadi  appear  degeaMalt»  aad 

atanted  in  their  growth,  for  want  of  conditions  wUdi  tlM  ladiaa  Oaoan 

still  supplies.* 

This  evidence  is  of  grAit  weight,  and  is  not  neutralized  by  any  facis  of 
a  contiiciing  character;  such,  for  instance,  as  the  fissoctation,  in  the  same 
group,  of  individuals  refernble  to  species  now  confined  to  arctic  ree^ions. 
Whenever  anv  of  the  iussii  slielis  are  identified  wah  living  species  lortJigii 
to  the  Mfdiierraneaii,  it  is  not  in  the  Nurihem  Ocean,  but  between  the 
tropics,  thkt  they  must  be  sought  :t  on  the  otiit  r  luuid,  ihe  associated  un- 
knawii  apeeiaa  baioogt  for  the  moat  part,  to  gmera  which  are  now  moat 

*  Psoftssars  Quidotti  of  Panaa,  and  Bonelli  of  Turin,  pointed  out  to  me,  in 
many  ex«mplr»«  in  confirmation  of  this  point    thtis  tiie  common  Orthorprfi?»  of  tlie 
Mcditerrnnean,  (  o.  raphanista^  WU  l&id  to  attain  larger  average  dimensions  in  a 
foittiJ,  than  in  a  recent  state. 

t  ThuB,  for  example,  RosteUaria  curvirostris,  found  fisml  by  Kgnor  Bonelli  near 
Taria,  is  only  known  al  piessiit  in  tlie  Red  Sea.  Haxez  oomntns,  fossU  at  Asli,  is 
now  aaly  known  laesmt  in  warmer  IstHadea;  Senegal  balaf  the  prineipal  known 
lubHat  at  pieeent.  Cottas  aatsdiluviunus  cannot  be  disttagaished  from  a  shell  now 
bfODght  from  Owbybiw.  Amot^  other  familiar  instances  mentioned  to  me  hy  Italian 
naturalists,  in  confirmation  of  the  same  point,  Bucciiuim  cluthratum,  Lam.,  was 
died ;  bvjt  Professor  Costa  asaurt-d  me  that  this  sht'll.  although  extreraeiy  raie,  still 
ocean  in  th«  Mediterranean.   M.  Deshayes  informs  mu  Lha,t  be  has  received  it  from 
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laigtljr  dMioped  in  aqpiiiioelial  i«8IMs»  att  ibr  em^ls^  lb»  fSMim 
FUmtaUMBB  and  Cypnu.* 

On  eoBparing  the  fiNail*  of  .thn  Miaij  dlBponti  of  «id  Londoa 
with  tbOM  of  BoidMz»  and  iheae  a^yn  with  lha  mm%  nodam  atnin  of 
Sioily,  wa  ahonld  at  fiialaipaat  thai  thaj  wmdd  aaoli  indiaala  a  h^gfiar 
taaipaialaia  la  proportion  aa  thqr  aaa  aHaatad  tahar  to  tha  aontb.  Bnl 
tho  oontrary  is  trna  s  manj  ahcUa  aia  aomaMn  to  all  thaaa  groups,  and 
aomo  of  than,  both  ftadtwalar  and  Bafina^  an  of  apodea  atfll  living* 
Those  foaod  la  the  older,  or  Boeene,  depoflits  of  Pane  and  London* 
although  six  or  seven  degrees  to  the  north  of  the  Miocene  strata  at  Bor- 
deaux, afford  evidence  of  a  warmer  climate  ;  while  those  of  Bordtaux 
imply  that  the  »ea  in  which  they  lived  was  of  a  liigher  temperature  than 
that  of  Sicily,  where  the  shelly  strata  were  formed  six  or  seven  degree^s 
nearer  to  die  equator.  In  these  cases  the  greater  aiitiqnuy  of  the  several  for- 
mation*; (the  I'ansian  being  the  oldest  and  the  Sicilian  the  newest)  has  more 
than  coujucrhalanced  the  infltipnce  which  latitude  woidd  otherwise  exert, 
and  this  phenomenon  clearly  points  to  n  gradual  relriger:i(.ion  of  climate. 

Siberian  Mammoth8. — In  tfte  superficial  deposits  of  sand,  gravel,  and 
loam«  aiiewed  very  generally  over  all  parte  of  £urope»  the  remaine  of  eji« 
tinei  epeeles  of  land  quadrapade  hata  been  lonnd,  especially  in  placan 
where  tho  aUavial  matter  appears  to  have  bean  waahed  into  small  lak^ 
or  iuto  depressions  in  the  plains  hordaring  aaelf nt  rivers.  Similar  do- 
potita  hafo  alao  bean  lod|^  in  rente  and  eaferns  of  rocks,  where  thej 
Bay  hata  bean  awapt  In  by  land  flooda«or  intvodnaad  by  angidphod  fivma 
doriag  ehangaa  in  tha  phyaleil  goography  of  eonntriaa.  Tho  variona  oii^ 
OttSMlanaaa  nndor  whioh  tho  bonaa  of  aninala  ham  baan  thna  praaartod 
will  bo  mora  fally  oonaiderad  haraaAarrt  I  ahall  only  alafa  haiOt  thai 
among  thoestinetniaaMUa  thna  entombadt  wa  find  apaciaa  of  tho  alaphani* 
rhinooerDs,  hippopotamus,  bear,  hyaena,  lion,  tiger,  and  many  othaii  s 
eooalating  for  tha  most  part  of  genoia  now  oonfinod  to  warmer  regiooa. 


ng.l. 


*  Of  the  geeiis  Ptenvetflena  a  veiy  ftw  Uvinf  rspiessBtatives 
have  yet  been  found  in  the  Mediterranean;  yet  no  less  than 
twenty-five  apecies  were  to  be  teen  in  the  muBeum  at  Turin,  in 
182"i,  all  procured  by  Profoisor  Bonelli  from  the  Sitbap*  niitnc 
strata  of  northern  Italy.  The  genus  Cypra?  is  represented  by 
many  large  fossil  species  in  the  Sut>apeDDiae  bills. 


ills,  Aslsr.(e) 

t  Book  ilL  chaps.  14, 15,  Ac 
Agura  «r tait  if  III  w,  aM  af  F;  aw^iisls,  aaa  Td.  11. 
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It  hm  bma  lidbnuJ  that  Ihe  mm  nhift  of 
MtuB  liAa  ipaBki  of  iMtaM  lo  bMM      or  to  iiif^ 
or  to  dbiypw  fifoto  Hm  Modltofrmoia,   id  eortain  generm  of  the  Sob* 

apennine  hills,  now  exclusively  tropical,  to  retain  no  longer  any  repre- 
eentatiTefl  in  the  adjoining  Beas, — may  also  have  cotUributed  to  the 
annihilation  of  the  mammiferous  genera  which  formerly  inhabited  the 
continei\is.  It  is  certainly  probable  that,  when  these  animals  abounded 
in  Kurnpe,  the  climate  was  milder  than  lliat  now  cxpcriencedt  but  they 
by  no  meanB  appear  to  have  required  a  tropical  heat,  i'he  hippopotamus 
is  now  only  met  with  in  rivers  where  t)ie  t<"mperature  nf  the  water  is 
warm  and  nearly  uniform,  but  the  crreat  fosBii  species  of  the  same  genus 
(JET.  major,  Cuv.)  certaioiy  inhabited  England  when  the  testaces  of  oar 
eonntry  were  nearly  the  same  as  thoso  now  existing,  and  when  the  cli- 
Mto  OBBBOt  be  supposed  to  have  been  fery  hot  The  bones  of  this 
uiaMl  have  lately  boon  found  by  Mr.  flttkUaad,  togethor  with  tlwoo  of 
m  boor  and  other  ttaOMmlia,  tt  Onfthom^  near  Evooham,  in  Worcester- 
riiire,  in  allofial  and,  tofether  wtib  lwoBty*thre«  spoeMi  of  ttmolrial 
•ad  IMiwiter  ohelli,  oil,  with  two  omplioM,  of  Mtith  epooieo.  Tht 
iMd  of  oMid,  fotifaiittf  tho  fhriio  and  booti,  iipoOM  m  Hm^  md  k 
cofoiod  wtUi  allamliof  ointa  of  giofoli  oiwl  aod  loaai«* 

The  iDammoth  ako  appears  to  have  osiatod  in  ffngiind  when  the  taaa- 
pentoto  of  our  Mtodaa  oooM  not  hofo  boott  ?ery  difibmifton  that  vlikli 

nowpiofailai  IbriooMdaaoftUiaBiiHlhaioboiBlbandatNocihOllft 
te  dtoOooBty  of  Torkt  la  nlBeQilHnofofMifoD,in  wliiefaall  Ibolondaad 

fresh  water  shells,  thirteen  in  number,  can  be  identified  whh  apeeiee 
and  varieties  now  existing  in  that  country.  Bones  of  the  bison  also,  an 
animal  now  inhabiting  a  cold  or  Itnnperate  climate,  have  been  found  in 
the  same  jilace.  'IMiat  these  quadrupeds,  and  tfie  indigenous  species  oftes- 
tacea  associated  with  them,  were  all  contemporary  udiubiianLs  of  York- 
shire, has  been  established  by  unequivocal  proof.  The  Keverend  W.  V. 
Vernon  Harcourt  caused  a  pit  lo  he  sunk  to  tlie  depth  of  iwenly-lwo  feet 
through  undislurbed  strata,  in  wliich  the  remains  of  the  mammoth  were 
found  imbedded,  together  with  the  shelia*  in  a  deposit,  which  had  evi- 
dently leanlted  fioni  tranquil  waters.t 

When  reasoning  on  these  phenomeiia,  the  reader  roust  always  bear  in 
vind  that  the  fceatt  indhidualsbeiongod  to  tpecies  of  elephant,  rhinoceros, 
hippopotonw,  beaTff  ligar  and  hyena,  distinct  from  those  which  now  dwell 
wMnB  or  near  the  tvopiea.  Dr.  Fleming,  in  a  diaenaaaon  on  this  snbieet. 
hae  wan  vaaaiM  thai  a  near  faaeinbianee  in  km  and  oeleological  struotnio 
ianoC  alwaji  followed,  in  the  exiatinf  eieatioo,  by  a  aiinilariisy  of  geo> 
frapbieal  dielribatiott ;  and  wo  mnet  Iheroten  be  on  oor  goaid  egaibMt 
deeidinf  too  eonfidendy,  ffom  aieio  analogyof  anatoaiealalnotaie»  loapee^ 

*  G<"ol  ProcppHinfTf ,  So.  ^  Jun*»,  l'*t^4. 
I  FhU.  H«(.,  Sept.  im  UMl  J*a  lo3V. 
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ftiVtfh*  ^Mm  .'Md  yhyiiokgitil  t|i6ffiliiiilin  fi  ^ni$§t*9mm  »•  «Mre. 
««'J9i»:Mhnidaligkli  t».iaMi  wvllMi'lfQiiMl  fluM,  lo  vliMi  it  k  is  s 

tiwooghont  n  iMlapd  iiriMr.  Tte  bafilfti  iIm  libm,  ps^iBis  m  high 
tMipeimtBB«  mcl  wmut  ikdire  >€ma*mbfme  ibe  wmp»  ox  {irospers. 
The  Msk  ox,  on  the  other  hand,  though  nearly  resembling  tbs  hofiido, 

prefera  the  stinted  herbage  of  the  aretic  r6gioaa,and  is  able,  by  its  periodical 

migrations,  to  outlive  the  nurUierii  m  itiicr.  Tlie  jackal  i^Ctini^  aureiLs) 
mhabibi  Africa,  the  warmer  jiai  is  oj  A^ia,  uiul  Greece  ;  while  ihe  isaii* 
(^Cartif  lagopu.s)  Tenu\e^  ']}]  ihe  Arciic  ret,MtMis.  Tlie  Airicau  liare  aatl  the 
polar  hare  have  ilu  ir  geo^napliicaJ  cjislribu lioji  t:.\{)res8ed  in  tiieir  trivial 
names  ;  ' '  and  diflerent  apecies  oi  bears  limvt  muopiical»  legipwie,  anii 
arctic  latitudes. 

ileoent  investigatioos  have  placed  beyond  all  doubt  the  imporUnt  fact 
that  «4pocies  of  tiger,  idenikal  wiA  thai  of  Bengal,  is  common  in  the 
neighbourhood  of  Lake  Aral,  near  Sussac,  in  the  te^-fifth  degree  ef  Bivth 
ktitade ;  and  hom  time  to  time  this  animal  is  now  seen  in  Siberia,  in  alab- 
todeaeierMitbeetkepenUeiofBediaaiidHamburg.t  Humboldt  remarks 
that  the  pert  ef  eeotfaera  Aeb  mow  hihehbed  by  this  lodiatt  epeeiee  oT  Uger 
ie  eepanrted  fium  the  Hunkjpe  bf  two  gieet  cheiae  ef  Monteini,  mek 
eeweied  ivMi  pefpeteei  eoew^— the  chrfe  of  Knealeiit  let.  ead 
thet  ef  MoKtegh*  let.  thel  it  Ie  faipeeethle  thet  thaee  awnib 

ehoold  aerely  have  mede  eioiinieoe  ftom  Indiet  eoee  to  ham  pminrted 
in  theeemer  to  the  forty -eighth  end  fiftjr-lfalid  degMee  of  north  lelitade. 
They  meetienein  all  the  winter  nordi  of  theMewti^erGeleetiel  lffi» 
tefns.  The  last  tiger  killed,  in  1828,  on  the  I^na,  in  lat.  5tfi%  was  in  a 
climate  colder  than  that  of  P(  u  rshuri^^  and  Siuckholm.t 

We  learii  from  Mr.  liodgboa'a  account  ol  ihe  mammalia  of  Nepal,  that 
the  tiger  is  sometimes  found  at  the  very  edge  of  perpetual  snow  m  ilie 
Himalaya  ;§  and  Pennant  mentions  that  it  is  fuimU  among  the  snows  of 
Mouiu  Amral  in  Armofiin. 

A  new  gprcicH  ?^ls<>  ol  patiiiier  {/■\Iis  irhis),  covered  with  longhair,  has 
been  discovered  m  Siberia,  evidently  inhabiting,  like  the  tiger*  a  xsgioe 
north  of  the  Celestial  Mountains,  which  aie  an  lat. 

The  two-horned  African  rhinoceros  occurs  without  the  tropics  at  the 
Cape  of  Good  Hope,  in  let.  $4°  S««  where  it  ia  accompanied  by  the 
elephant,  hippopoumus,  and  hjena.  Heie  the  migration  of  ell  theee 
Bpeeiei  towanb  the  eoath  ie  arreeted  by  the  oeeen ;  hnt  if  the  wiliaeet 

*  flsflyiig,  Cd.  Hew  PhU.  Jooni.,  Ne.  1ft,  p.  288.  im 

t  HnmbttUt,  FHffmtas  4s  Oddi^  te.  ttoM  ti.    SSBL  GhMtey,  Aen.  4m 

Bci.  Nat.,  tome  zxi.  p.  387. 

*  EhrfMiborg,  ibid.  j).  3!>0. 

§  Journ.  of  Asiat.  Soc.y  ToL  i«  p.  M0> 
II  Ebxenberg,  ibid. 
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Wd  lw«D  prahifBd  itill  fiurUier,  voA  the  land  bad  bteo  of  iDodafite  davi* 
lion,  it  if  vwy  probtUe  that  they  might  hate  extendcfl  th«ir  tange  to  m 
^KioaCer  diatanoe  fnm  the  tropica. 

NoWf  if  tho  Indian  tiger  can  lange  in  oar  own  tinea  to  theaootfieni 
hofden  of  Siberiat  or  akirt  the  aoowa  of  the  Hiroalayat.wenay  eaaily 
iinaglne  that  large  speeiea  of  the  aame  genu$  may  onee  have  inhabited  our 
tempenie  climalea.  The  mammoth  (£,  prmUgtmut},  already  allnded 
10  as  oecnnring  foitil  in  England,  waa  deeidedlydiSerentfrom  the  two  ex- 
isting species  of  elephants,  one  of  which  is  limited  to  Asia,  sooth  of  the 
Sl^of  N.  lat,,  the  other  to  Africa,  where  it  extends,  as  before  stated,  as 
far  south  as  the  Cape  of  Good  (lope.  The  bones  of  tlie  gn  ii  U^ssil  jsperies 
are  verv  widely  spread  over  Europe  and  North  America;  but  are  uDwhere 
in  mich  profusion  as  in  Siberia,  particularly  near  the  shores  of  ihe  frozen 
ocean.  Are  we,  then,  to  eont  liulf  tlial  this  animal  preferred  a  polar 
climate  t  11  no,  by  whnt  food  was  ii  susUioed,  and  why  does  it  not  still 
aurvive  nenr  the  arciic  circle  ? 

Pallas  and  other  writers  describe  the  bones  of  the  mammoth  as  abound- 
ing throughout  all  the  Lowland  of  Siberia,  stretching  in  a  direction  west 
and  eastt  ifom.the  borders  of  Europe  to  the  extreme  point  nearest  Ame- 
rica, andiouth  and  north,  from  the  base  of  the  moontnins  of  centra!  Asia 
to  tlm  ahotes  of  the  Arctio  eea«  (See  Map,  fig.  %  p.  104.)  Within  this 
space,  scarcely  inferior  in  area  to  the  whole  of  Europe,  fossil  ivory  has  been 
eoUeetii  rimoU  emy  wltere,  on  Ae  banka  of  the  Irtiah«  Oby,  Teneiei» 
LeiMf  aad^other  ritera.  The  elephantine  remaina  do  not  ooeur  in  the 
nanhet  and  low  plaina,  hot  when  the  henke  of  the  rivera  pveaent  lofty 
pveeipieea  of  eand  and  eby ;  from  whiefa  eirenmatanee  Pdlaa  Tety  jnady 
inferred  that,  if  eeetiona  eiMild  be  obtained,  eimUar  bonee  might  be  found 
in  all  the  devatad  landa  inlerfening  between  the  great  rivenu  Strahlen- 
beigt  indeed,  had  atated,  before  the  time  of  Pellaa,  that  whereier  any  of 
the  great  ritera  overflowed  and  out  out  fieeh  ehannela  daring  dooda, 
more  fbeail  remaina  of  the  aamo  kind  were  intariably  disdoeed. 

As  to  the  position  of  the  bones,  Pallas  found  them  in  some  places  im- 
bedded together  wiih  marine  remains;  in  others,  simply  with  fossil  wood, 
or  lignjie,  such,  as  he  says,  might  liave  been  derived  from  carbonized 
peat.  On  the  banks  of  the  Yenesei,  below  the  city  of  Krasnojar:3k,  in 
lat.  56**,  he  observed  grinders,  and  bones  of  elephants,  in  stmta  of  yellow 
and  red  loam,  r\lteriKitin<{  wiiti  course  sand  auti  gravel,  m  \\  hu  h  was  also 
much  pctritied  \v*»od  of  ilie  wiliovv  and  other  trees.  Neither  hfre  nor  in 
the  neiL'libouring  country  were  there  any  marine  shells,  but  merely  layers 
of  black  coal.*  But  grinders  of  the  mammoUi  were  collected  much  far- 
ther down  the  same  river,  near  the  sea,  in  lat.  7U°,  mixed  with  murine 
|»etriliMtiona.t  Many  other  plaoea  in  Siberia  are  cited  by  Pallas,  where 

•  PiUis,  BdM  hi  Boiik  1Uiebe»i»p.40e,41iK 
t  Nor.  Omb.  Pitmp.  tel.  17,  p.  684. 
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mm  ihdPB  and  fishes*  teeth  accomimny  the  bones  of  the  mammoth,  rhino- 
eerosy  asd  Siberian  buffalo,  or  bison  {Bos  prUcua),  But  it  b  not  on  the 
Oby  nor  the  Yenesei,  but  on  the  Lena,  faither  to  tbo  east,  where,  in  th« 
samo  pagaltela  of  latitude,  tbe  cold  ii  faor  mose  iatonsab  thai  Ibaail  remaini 
have  been  found  in  the  moat  wonderful  atate  of  preaer? alion*  In  1778» 
Pallae  obtained  firom  Wi|juiekoi,  in  let.  64«,  ftom  the  benke  of  th^  Wil- 
jni,  a  fribatary  of  the  Lena,  the  eeraaae  of  a  ibinoeetoe  (H.  iCeAofAintif), 
taken  ftom  the  aand*  in  whieh  it  nmat  have  lemained  eongeeled  for  ^[Of , 
tba  eoil  of  that  region  being  aiwaya  frozen  to  within  a  alight  depth  of  the 
•nrface.  Thia  eareaaa  waa  compared  to  a  natural  num my,  and  emitted  an 
odour  like  putrid  flesh,  part  of  the  akin  being  atiU  eovered  with  bJadL  and 
gray  haiie.  So  'great,  indeed,  waa  ibe  quantity  of  hair  on  the  foot  and 
head  conveyed  to  St.  Petersburg,  that  Pallae  aaked  whether  the  rhinoce- 
ros of  the  Lena  might  not  have  been  an  inhabitant  of  tlie  temperate 
regions  of  middle  Asia,  its  clothing  beiug  so  much  warmer  than  tliui  of 
the  African  rliinoceros.* 

After  more  llian  thiriy  years,  the  entire  carcass  of  a  manuiioili  (or 
extinct  species  of  elephant)  was  obtained  in  1803,  by  Mr.  Adams,  aiuch  1 
farther  to  the  north.    It  full  irom  a  mass  of  ice,  iu  which  it  had  been  ' 
encased,  on  the  hniiks  of  the  Lena,  in  laU  70° ;  and  so  perfectly  had  the 
soft  parts  of  the  carcass  been  preserved,  that  the  flesh,  as  it  lay,  was 
devoured  by  wolves  and  bears.    This  skeleton  is  still  in  the  museum  of 
8l  Peleraburg,  the  head  retaining  its  integument  and  many  of  the  liga-  U 
ments  entire.    The  skin  of  the  animal  was  covered,  first,  with  black  i 
briatlee,  thicker  than  horse  hair,  from  tweWe  to  aizteen  inches  in  length} 
eeeondly,  with  hair  of  a  reddiah  brown  ooloar,  about  four  inches  long; 
and  thirdly,  with  wool  of  the  aame  colour  a?  the  hair,  ^MRit  an  inch  in 
length*   Of  the  for,  upwards  of  thirty  pounds  weight  were  gathered  from  ; 
the  wet  eand  bank.  The  indiTiduai  waa  nine  liMt  high  and  aixteen  feet 
long,  without  leekoning  the  hige  enrved  tuaka;  a  else  laralj  euipaaaed 
bj  the  laigeet  liiing  male  elephanta<t 

ll  ia  evident,  then,  that  the  mammoth,  inetead  of  being  naked,  like  <be 
living  Indian  and  African  elephanta,  waa  enveloped  in  a  thick  ahaggy 
covering  of  fur,  probably  aa  impenetrable  to  rain  and  cold  as  that  of  the 
muak  ox,X  The  apeeiea  may  have  been  fitted  by  nature  to  withatand  the 

*  Nov.  Com.  Petrop.  vol.  17,  p.  591. 
t  Journal  du  Nord  St  Petersburg,  1807. 

t  Flemin;^,  Ed.  New  i'iiil.  Journ.,  No.  x\\.  p.  285. 

Bishop  J  lcbor  informs  us  (Narr.  of  a  Journey  through  the  Upper  Provinces  of 
India,  Tol  ii.  p.  16G— 219),  that  la  the  lower  nage  of  the  Himalaya  mouatains, 
in  the  nortli-eastem  borders  of  the  Delhi  tetritoiy,  between  1st  90°  and  90*,  be  saw 
an  Indian  elepbaat  oTa  snaU  nae,  oovered  with  shaggy  hajr.  Bot  thb  variety  most 

be  exceedingly  rare  ;  for  Mr.  Rojle  (late  raperinteadaat  of  tlie  East  India  Cooh 
panj's  Botanic  Garden  at  Salianinpore)  has  assured  mc,  that  being  in  India  when 
Ueber's  Journal  appeared,  aod  liaviog  never  seen  or  beard  of  such  e)epliaata|  he 
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mitsitades  of  a  northern  climate;  and  it  is  certain  that,  IWmi  the 
mdmeni  wheii  the  carcasses,  both  of  the  rhinoceros  and  elephant,  above 
toeribed,  wer^  buried  in  Siberia,  in  Uthadot  64**  ud  70""  N.,  the  toil 
must  haTO  femained  iW»eiH  tlid  the  aUkunji^hm  neaity  as  tM  st 
this  day. 

8b.  fresh  fii  llie  ivbiy  thioilglioQt  northern  Rossi*,  that*  aeeofdtD;  le 
Tilesius,  thousattds  of  fossil  tasks  have  been  ooUeeted  tiid  used  in  turn- 
ing;; yet  others  are  ititl  |Mrocitred  sad  sold  in  giM  plenisr.  He  deelaies 
his  belief  that  the  bones  still  left  in  northern  Bossis  must  greatly  exeesd 
in  number  all  the  elephants  now  li?lnf  on  the  giobe. 

We  are  as  yet  igttOrant  of  the  entire  geographical  range  of  the  mam- 
raoih ;  but  its  remains  have  recently  been  collected  from  cliffs  of  frozou 
mud  and  ice  on  the  east  dide  of  Behring*s  JSlraiis,  in  EschschoUz's  Bay, 
in  Russian  Anienea,  lat.  66**  N.  As  the  cliffs  waste  away  by  the  tfiaw- 
ing  of  the  ice,  tusks  and  bones  fall  out,  and  a  strong  odour  of  animal 
matter  is  exii  ih  d  from  the  mud.» 

On  considcnnj:;  all  tlje  facts  above  enumerated,  it  seems  reasonable  to 
imar^ine  that  a  large  region  in  central  Asia,  including,  perhaps,  the 
southern  half  of  Siberia,  enjoyed,  at  no  very  remote  period  in  the  earth** 
history,  a  temperate  climate,  snfficiently  niild  to  afford  food  for  lai||e 
herds  of  ele})liants  and  rhinoceroses,  €f  species  dislinct  from  those  now 
living.  At  the  time  to  which  these  speculations  refer,  the  Lowland  of 
SiberiaVss  probably  leas  extensive  towards  the  north  than  il  is  now ;  but 
the  ejEistin^  riverst  ihongh  of  Inferior  length,  mnj  have  flowed  from  oonth 
1o  north,  as  at  piteent,  and,  during  tnondations,  may  have  ewept  the  eei^ 
easses  of  drowned  animals  Into  lakes,  or  the  see,  as  do  the  Nile,  Ganges, 
and  other  mere  In  onr  own  tlme.t 

In  Siberia  sll  the  prineipd  livers  ere  liable,  like  the  ]IIsekenile»  In 
Korth  Ameriea,  to  tematkable  floodh,  in  consequence  of  flowing  In  • 
direction  from  sou^  to  north;  for  Ihey  are  filled  with  running  water  in 
their  upper  course  when  completely  frozen  over  for  several  hundred  miles 

nuda  the  striotest  inqoiiles  re^eeting  the  fluit,  and  wis  never  ibie  to  obtain  any 
evidenee  an  corroboration.  iBir*  Royle  resided  at  Saharaapore,  tat.  30*>  N.  upon  Ifts 
extreme  northern  limit  of  the  range  of  the  elephant.   Mr.  Everest  aUo  declares  that 

he  has  been  equally  unaucccstjful  in  findinrr  any  one  aware  of  the  existfnre  of  such 
a  varietv  or  breed  of  the  animal,  though  oiu  solitary  individual  was  inentioned  to 
him  as  having  been  seen  at  Delhi,  wtih  a  good  deal  o{  long  hiur  upon  it.  The 
greatest  elevation,  says  Mr.  E.,atwhlebtiie  wild  elephant  is  found  in  the  mountains 
to  the  north  of  Bengal,  is  at  a  plaee  ealled  Nabun,  sbont  4000  feet  ahovo  the  level 
of  the  sea,  and  in  tiie  31st  degrse  of  N.  )at»  wliero  the  mean  yearly  tamperatnio 
ma/  lie  about  G4^  Farenheit,  and  the  differenoo  between  winter  and  summer  very 
^reat,  equal  to  about  30^  F.,  the  month  of  January  averaging  45-*,  and  June,  tlie 
hotu»t  month,  81"  F.  (Everest  on  Climate  of  Foss.  £lepb.,  Journ.  of  Aaiat  8oe., 
No.  25,  p  21.) 

*  Sec  Dr.  Buckland's  description  of  these  bones,  Appea.  to  Beechejr  s  Voy. 
t  8ee  Book  iii.  chaps,  zv.  and  xvL 
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mmr  Umh  vamA/k  (to  Map,  p.  104.)  Hm  Ihtjr  renpaui  bloelMd  up 
hf  imfw  six  laooUia  Ui  every  year,  aa4  the  daaoesding  \?aten,  finding 
no  open  channel  rush  over  the  ice,  often  changing  their  direction,  and 
sweeping  aloug  forests  and  prodigiuus  quantities  of  soil  aad  gr.ive!  mixed 
with  ice.  The  rivers  of  thia  great  country  nre  among  the  largest  in  the 
world,  the  Yeneaei  havini;!:  a  course  of  2r;00,  the  Lei^  oi"  20{)(i  miles;  so 
that  we  may  easily  conceive  that  the  bodicij  of  animaU  wlncii  fall  iult> 
Uietr  waters  may  be  transported  to  vast  lIi stances  towards  the  arctic  sea, 
and,  before  arriving  iliere,  may  be  strandeil  njioii  and  often  frozrn  into 
thick  ice,  and  afterwards,  when  the  ice  breaks  up,  be  lioated  still  farther 
tow^rda  the  ocean,  until  at  length  they  becooM  buried  in  flanalila  and 
tubmarine  deposita  near  the  ommaIm  of  livers. 

Humboldt  rMMdU  UmI  near  the  nrntlM  of  iIm  Lena  a  eonsidenUt 
thiPkiMn  of  frozen  Mfl  ai«jr  be  Ibuod  at  all  seasons  at  the  dtplh  of  a  ftw 
Ibd  I  so  that  if  a  cariMi  lit  «ioo  inbiddMl  m  mud  in  such  a  Kfim  ami 
»  aiieh  a  aUa»ta»  ita  pBlrafiwtioQ  may  be  arreaied  fog  iBdafinltoofM.* 

It  wooU  doubtfaia  bo  iaqpoitiUit  Ibr  bepdi  of  laaaiiptha  and  tblBoee- 
WMo  to  oblaiA  MMalMOB  ol  pi«Mnit»  om  in  tbo  aoolhain  port  of 
Siboria*  ^ovifad  aa  it  ia  daring  a  giaat  pait  of  Iba  yaar  wtib  anow  s  b«t 
tbofo  io  no  diUkoliy  in  supposing  a  vegetation  oapablo  of  nooriiluog 
tbioo  gvoot  qnadnipoda  to  hm  onoo  flotriahed  botwoon  ibo  lalilndaa  40** 
•nd  iO*  N.,  raaattbtingpariiapa  tbat  of  Englandi  Ibr  «o  Invo  saan  that 
tlnna  afo  pioola  of  tbe  maoiaMtb  baviag  oo-oziatfd  with  a  large  propor- 
tion of  the  living  species  of  British  testsoea. 

It  has  been  well  observed  by  Dr.  Fleming,  that  **the  kind  of  food 
which  the  existing  specie-  of  elephant  prefers  \\  ill  not  enable  us  to  deler- 
raiue,  or  even  to  uiier  a  prol/able  cunjeciure,  conrerning  that  uf  the 
extinct  species.  No  one  acquainted  witli  the  graniineous  character  of 
the  food  nf  our  failowHieera  stag,  ox  toe,  would  have  asstgued  a  lichen  to. 
the  rein-deer.'* 

Travellers  mention  lliat,  even  now,  when  tlie  climate  of  eastern  Asia 
is  so  much  colder  than  the  same  parallels  of  latitude  farther  west,  there 
are  woods  notonl^  of  ivt*  but  of  birch,  poplar,  and  alder  on  the  banks  of 
tha  Lana  as  far  north  as  laiitoda  60°.  Formarly,  when  the  arctic  lands 
1NI0  losaoMMivB|  tba  temperature  of  tha  wiotar  and  snmmer  may  havo 
lisao  more  nearly  equalized,  and  tbo  incaioring  aafarily  of  tha  wintaia, 
ratlier  than  a  dioinotiott  of  the  mean  annual  tampoiatore,  may  have  been 
tiNiohiof  OMianof  tho  azianninoUon  of  tto  nwwioth.  It  ia  probablo 
that  the  ralrifmion  of  iho  «ltMia  of  noitli-iMleni  Aala  waa  aoeom- 
panM  Mid  in  a  gieot  maiaawi  aanaod,  tgr  ohangoo  in  iia  pbyaioal 
geography.  Tho  wholo  oonnlryt  kom  tho  nountaiaa  to  iho  soOf  may 
hofft  boon  npnuiod  by  o  aaronient  aimkr  to  Unt  which  ia  now  oxpo* 

*  HoBbiUt,  Ftagincoa  AsllAiqaes,  tMB. «.  p.  103. 
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rienced  in  pari  of  Sweden  ;  and  as  the  shores  of  the  Gnlph  of  Bothnia 
me  pxiended  not  only  by  the  influx  of  sediment  brought  down  by  rivers, 
but  also  by  l!ie  elevaiion  and  consequent  drying  up  of  the  bed  of  the  sea, 
80  a  similiar  combination  of  causes  may  have  extended  the  low  tract  of 
laiui  where  rnnriin!  shells  and  fossil  bones  now  occur  in  Sihena. 

It  hi\3  been  sn^^^oi  -t( d,  that  as,  in  our  own  times,  the  nonhern  animals 
migrate,  so  liie  8iberian  elephant  and  rlnnoceros  may  have  wandered 
towards  the  north  in  summer.  The  musk  oxen  annually  desert  their 
winter-quarters  in  the  south,  and  cross  the  sea  upon  the  icCi  to  graze  for 
fotir  months,  from  May  to  September»  on  the  rich  pasturage  of  MeWUIe 
Island,  in  lat  75**.  The  mammoths*  without  passing  so  far  beyond  the 
arctic  circle,  may  nevertheless  have  made  ezcnrsions,  during  the  beat  of 
a  brief  northern  summer,  from  the  central  or  temperate  parts  of  Asia  to 
the  sixtieth  parallel  of  latitude;  in  which  cose  the  carcasses  of  such  as 
were  drowned,  or  .overwhelmed  by  drift  snow,  may  have  been  hurried 
down  into  the  polar  sea,  and  imbedded  in  the  deposits  there  accumulating. 

I  have  been  informed  by  Dr.  Richardson,  that  in  the  northern  parts  of 
America,  comprising  regions  now  inhabited  by  many  herbtvorons  quad* 
rupeds,  the  drill  snow  is  often  converted  into  permanent  glaciers.  It  is 
commonly  blow-n  over  the  edges  of  sleep  cliiTs,  so  as  to  form  an  inclined 
lalijs  huniireds  of  feet  high  ;  and  when  a  thaw  commences,  torrents  rush 
from  the  land,  and  throw  down  Irorn  ilie  top  of  the  cliff  aHuvi;ii  .^oil  and 
gravel.  This  new  soil  soon  becomes  covered  with  vegetation,  and  pro- 
tects the  foundation  of  sno\v  from  the  ra\-s  of  the  sun.  Water  occasionnlly 
penetrates  into  the  crevices  and  pores  of  the  snow;  but,  as  it  soon  Ireezes 
again,  it  serves  the  more  rapidly  to  consolidate  the  mass  into  a  compact 
iceberg.  It  may  sometimes  happen  Uiat  cattle  grazing  in  a  valley  at  the 
base  of  such  cliffs,  on  the  borders  of  a  sea  or  river,  may  be  overwhelmed, 
and  at  length  inclosed  in  solid  ice,  and  then  transported  towards  the  polar 
regions. 

The  result  of  these  investigations,  therefore,  may  lead  us  to  conclude 
that  the  mammoth,  and  some  other  extinct  quadrupeds  fitted  to  live  in 
high  Utitodet,  were  inhabitants  of  northern  Asia  at  m  time  when  the  dl- 
mate  was  milder,  and  more  uniform,  than  at  present.  Theb  extermina- 
tion was  probably  connected  with  changes  in  the  physical  geography 
of  the  arctic  regfions,  of  which  I  shall  consider  the  efleets  in  the  next 
chapter. 

Change  of  dimate  ftroved  by  fo§$il$  in  dder  airata^U  we  pass  from 
the  consideration  of  these  more  modem  deposits,  whether  of  marine  or 
continental  origin,  in  which  existing  species  are  abundantjy  intermixed 
with  the  extinct,  to  the  older  tertiary  strata,  we  can  only  reason  from 
analogy;  since  none  of  the  species  of-  vertebraled  animals,  and  scarcely 
at»y  of  the  testacea  of  those  formations,  arc  identifiable  with  ^jicries 
now  in  being.    In  the  deposiu  of  that  more  remote  period,  we  Bnd  the 
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remaiss  of  many  animab  analogous  to  thoie  of  hot  oliiiiate8»  aaeb  as  tho 
crocodile,  turtle,  and  tortoise,  together  with  many  large  shells  of  the  genus 
nantilus,  and  plants  indicating  such  a  temperatara  as  is  now  found  along 
lite  southern  borders  of  the  Mediterranean. 

A  great  interval  of  lime  appears  to  have  elapsed  between  the  formaiioii 
of  the  secoiiJary  strata,  which  coiiritiiute  ihe  principal  poriion  of  the 
derated  land  in  Europe,  and  the  origin  of  the  last-mentioned  Eocene 
deposits.  In  that  ^reat  series  of  sucoiidary  rocks,  many  diaimct  assem- 
blages of  organized  fossils  are  entombed,  all  of  unknown  species,  and 
many  of  them  referable  to  genera  and  families  now  most  abundant 
between  liie  tropics.  Among  the  most  remarkable  arc  many  gigantic 
reptiles,  some  of  them  herbivorous,  others  carnivorous,  and  far  exceeding 
in  siie  any  now  linown  even  in  the  torrid  zone.  The  genera  are  for 
the  most  p^rt  extinct,  but  some  of  them,  ss  the  crocodile  and  monitor, 
have  still  representatives  in  the  warmer  parts  of  the  earth.  Coral  reefs 
also  were  evidently  numerous  in  the  seas  of  the  same  periods^  and  com- 
posed of  species  belonging  to  genera  now  characteristic  of  a  tropical 
climate.  The  number  of  veiy  large  chambered  shells  also  leads  us  to 
infer  an  elevated  temperature;  and  the  associated  fossil  plants,  although 
imperfectly  known,  tend  lo  the  same  conclusion,  the  Cycadett  constituting 
the  most  numerous  family. 

But  it  is  from  the  more  ancient  coal  deposits  that  the  most  extraordi- 
nary evidence  has  been  supplied  in  proof  of  the  former  existence  of  an 
extremely  hot  climate  in  those  latitudes  which  are  now  the  temperate  and 
colder  regions  of  the  globe.  It  appears  from  ilie  fossils  ot  ihc  carboni- 
ferous period,  that  the  flora  consisted  almost  exclusively  of  large  vascular 
crypiogamic  plants.  We  leam,  from  the  labours  of  M.  Ad.  Brongniart, 
that  there  existed  at  that  epoch  Etiuisela  upwards  of  ten  feet  high,  and 
from  five  to  six  inches  in  diameter;  tree  ferns,  or  plants  allied  to  them, 
from  forty  to  rt  fly  feet  in  height;  and  arboresront  [.ycnpodiat  c:r,  irom 
sixty  to  seventy  feet  high.*  Of  the  above  claiises  of  vegetables,  the 
species  are  all  smalt  at  present  in  cold  climates;  while  in  tropical  regions 
there  occur,  together  with  small  species,  many  of  a  much  greater  sise  | 
bat  their  development,  even  in  the  hottest  parts  of  the  globe,  is  now  ^ ' 
iaferior  to  that  indicated  by  the  petrified  forms  of  the  coal  formation. 
An  elevated  and  uniform  temperature,  and  great  humidity  in  the  air,  avs 
the  causes  most  favourable  to  the  numerical  predominance  and  the  great 
^ise  of  these  plants  within  the  torrid  xone  at  present  It  is  true  that,  as 
the  fossil  flora  consists  of  such  plants  as  may  accidentally  have  been 
floated  into  seas,  lakes,  or  estuaries,  it  may  very  commonly  give  a  false 
representation  of  the  numerical  relations  of  families  then  living  on  the 

*  Coniid.  G^ninles  ws  k  Nstnie  do  b  V^^titioii,  Ac.  Ann.  des  8ei.  Nat,  NofV. 
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land.  Yet,  after  allowing  for  lia!)ility  to  error  on  these  e;rouuds,  ilie 
atguuH  iix  iuuuded  ou  ihe  coaiparaiive  uuQilien  ol  lUti  iu&jsiji  ^Uuu  of  ihe 
cs^'bonift  rous  strata  is  very  strong. 

**ln  rc^;ard  to  the  geographical  extent  of  the  ancient  vegetation,  a  was 
not  coaiined,"  says  M.  Brongniart,  to  a  small  spac^,  as  to  Europe,  for 
example  ;  for  the  same  fonnp  are  met  with  again  at  great  distances.  Thus, 
tjie  coal  plants  of  Nortii  America  are,  for  the  most  part,  ideiuicr^l  wiili 
(house  of  Eurppe,  and  all  belong  to  tlie  same  genera.  Some  spec  uncus, 
•la(i,  iffiio  Greenland,  aie  leferable  to  fenui  waLogiiiia  Ip  iboce  of  CHir 
European  coal  mines."* 

Tlie  foeeil  plants  brought  irom  AfeiviUe  Iiland,  alihoug b  in  a  very  im- 
fieKfecl  itate,  have  been  enpposed  to  warrant  similar  condosions  ;t  and 
awuiiifiig  thai  they  agree  with  thoee  of  Baffin^a  Bay,  mentioned  M. 
Brongniaftt  hpw  ahall  we  eitplain  the  manner  in  which  such  a  Tegelatioft 
lived  Ihrqngh  an  afetie  nighl  of  aoTenl  months*  doration  tX 

It  nay  aeem  piematore  to  dieenai  this  queition»  omil  the  Cnio  nati|i«  of 
Ibe  foaail  flota  of  Hie  aieiie  legioni  haa  been  more  aacurately  detennlned ; 
yet,  as  the  qnestion  has  attraeted  some  atientioii«  let  ns  asaome  for  a  mo> 
ment,  that  the  coal  plants  of  MdTOle  Island  aye  strictly  anaiogoes  to  those 
of  the  atrata  of  Northomhetland^woiild  sneh  a  fact  present  an  inezplic** 
ble  enigOMto  the  vegetable  physiologist? 

Plants,  it  is  atfimied,  cannot  remain  in  darhness,  even  for  a  week*  with- 
out serious  injury,  unless  in  a  torpid  state ;  and  if  exposed  to  heat  and  " 
moisture  ihcy  cannot  rcm:iin  torpid,  but  will  grow,  and  must  therefore 
perish.  If,  then,  iu  the  latitude  of  Melville  I>laiui,  75^  N.,  a  high  tem- 
,  peralurc,  ami  consequent  huiimiiiy,  prevailed  at  that  period  when  a\  c 
know  ihc  arriin  >eas  were  filled  wiili  corals  aud  large  mullilocular  ihtils, 
liow  could  plants  of  tropical  forms  have  Nourished?  Is  noi  ilie  bright 
light  of  equatorial  regions  as  indispensable  a  condition  of  their  well-being 
as  the  sultry  hcnt  of  the  same  counti  les  ?  and  how  c^uld  thpy  annually 
endure  a  night  prolonged  for  tlirce  months  ?§ 

Now,  in  reply  to  this  objection,  we  must  bear  in  mind,  in  the  first 
pl^ce,  that,  so  far  as  experiments  have  been  made,  there  is  every  leason 
(0  conduUSf  that  the  range  of  intensity  of  light  to  which  living  plants  can 
accommodate  themselves  is  far  wider  tl|an  that  of  heat.  No  palnisiv 
tree  ferns  can  live  in  oor  temperate  latitudes  witbont  protection  from  the 

•  Mnm  r ime  aift.  dfs  V4git  IVim.  p.  im 

t  Koaig,  Joqnu  of  8eL  tqL  av.  p.  SV.  Mr.  Kooif  isflNiBs  aie»  thai  be  no  I— gee 

behevef  anj  of  thm  fomU  lo  be  tree  fema,  ua  he  at  first  ntati  d,  but  that  they  agiee 
with  tropical  forms  of  plants  in       English  coal-beds.   The  MelviUe  lilanil  epeei- 
atens,  now  in  tlu'  Hriti^li  MimiMun,  nn-  vorv  obscuTP  imprpssi<»ii. 
t  Fossil  flora  of  Great  iiritain|  by  Joiw  Lindiey  and  WUUem  Hutton,  £sqa. 

§  FowU  Flora,  No.  IV. 
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eold  ;  Wt  wfteA  placed  la  hot-hotises  they  grow  luxuriantl^r,  even  onde^ 
m  cloudy  sky,  nnd  where  much  light  is  intercepted  by  the  glass  tad  ftiMe» 
worlv.  At  St.  PetersboT^,  M  lat.  60<^  N.,  these  ptatkli  hx¥6  Mi  WB—tf 
lolly  eoltivated  in  hoi-homs,  although  there  Utey  must  excliaitgo  the  Ml^ 
)[MtaaI  equinoz  of  M)r  iiatitie  iVghma  Ibr  dayi  iad  tltfjtim  WMtti  ««e  iner- 
Inttldy  jprotraeied  lb  niiiouMk  liotiM  hnd  ahorteiMid  to  How  nnidl 
faiiArer  lowairdk  l!io  p6le  they  mmtit  aontiime  to  Hfo,  piOflM  k  M 
'<|\B8iitliy  cf  heM  and  nofaMfo  wna  fnippftiiMlf  hai  toot  yet  lAOtt  ^AalnmliioA  \ 
bat  St.  Petmlmrg  is  probably  tho  ^tMit  limits  ilid  tiiB  tAtandd  ekptffil 
that  in  lat  08*  at  teaat,  wfaei^  th^y  %oAld  never  rehrahi  twenty-fbtar  Iktoa 
enjoying  the  aini*t  Ifgfat,  tbey  iteight  tM  eiltt. 

Nof  most  we  foigei  that  we  aito  lieia  fjpeaking  of  Bving  specietibrmai 
lo  inhabit  wSlhin  or  near  the  tropies.  Bat  the  eori  plant!  wera*of  per- 
fectly distinct  species,  anil  may  have  been  endowed  with  a  different  con- 
stitution, enabling  them  lo  bear  a  greater  variation  of  circumstanceb  in  re- 
gard lo  light.  We  find  that  particnlar  species  of  palms  and  tree  ferns 
require  at  prppent  difiercnt  degrees  of  heat ;  and  that  some  species  can 
thrive  (inh  m  tfie  immediate  neighbourhood  of  the  equator,  others  only 
at  a  disiaiH  c  (rnin  it.  In  the  same  manner  the  mini/rifnit  of  Us^ht^  suffi- 
cient for  the  now  rxi«ting  specip?,  c:innoi  Ik-  taken  :is  the  standard  fOT  all 
analogous  tribes  thai  may  ever  have  Nourished  on  the  globe. 

But  granting  that  the  extreme  northern  point  to  which  a  flora  like  that 
of  the  carboniferous  era  could  ever  reach  may  be  somewhere  between  the 
Batttodaa  of  dS**  aod  TO**,  we  should  still  have  to  inquire  whethar  tha 
TOgataUa  ramaloa  aright  not  have  been  drifted  from  thence,  by  rivaia  aad 
cnrreots,  to  the  paiallal  of  MelviUa  laUnd,  m  atiU  farther.  In  the  north- 
am  hamispbeia,  at  praaant,  wa  aea  that  the  materials  for  futnm  bade  of 
lignlta  aad  ooal  aia  baeomuig  amanad  in  high  latitadaa,  far  from  tlia  dia> 
frida  wbaia  tba  foiaala  graw,  and  on  ahoraa  whaia  aearaaly  a  atanlad 
ahnb  can  now  aziau  Tha  M adbMMBia«  aad  otbar  livan  of  Nmth  Ama- 
fiaa*  carry  pinaa  with  thait  loota  attaabad  for  many  faandrad  nulaa  towavda 
tfia  navthf  hiio  tba  awslia  aaai  wfaaia  tbay  Aia  Imbaddad  faidaiiaii  and  aotaa 
of  tbam  drifted  aiill  Cstfaar  by  aoffaato  lawafdi  tba  pola. 

SoBia  of  the  appeaianoea  of  oar  Ea'gUah  coal  fiaMa  aeam  to  prava  that 
the  phmte  ware  not  #oalad  from  great  diatmeea;  Ibr  tba  oadine  of  the  stems 
of  succulent  species  preserve  their  sharp  angles,  and  others  have  their  sur- 
faces marked  with  the  most  delicate  lines  uud  streaks.  Long  leaveb,  ulis^o, 
are  attached  in  many  instances  to  ihe  trunks  or  branches  ;*  uiid  leaves  we 
know,  in  general,  are  soon  destroyed  wlitn  "steeped  in  wnicr.  although 
ferns  will  retain  their  forms  alter  an  immersion  of  several  nionths.t  It 
aeema  fair  to  presume  that  the  coal  plants  may  have  grown  upon  Uie 

*  Fosiil  Flora,  No.  X. 

I  This  hsa  been  proved  bj  Mr.  Undlsj's  ezperbneata. 
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same  land,  the  deptriiction  of  which  provided  materials  for  the  sajidstonet 
and  cftnglomerates  of  ilie  group  of  sirata  in  which  they  are  imbedded  ; 
es;)eciailv  'ds  the  coarseness  of  the  panicles  of  many  of  Uiece  rocks  attests 
that  they  were  not  borne  from  very  remote  localities. 

Before  we  are  entitled  to  enlarge  farther  on  this  question  of  transporta- 
tion, we  must  obtain  more  precise  information  respecting  the  state  of  the 
vnriotis  fossils  which  have  been  found  prinripally  in  the  coal  sandstonei 
oC  high  latitude!,  and  we  most  learn  whether  ihey  bear  the  marks  of  (no* 
lion  and  decay  prerioni  to  their  fossilization. 

To  reliuni,  therefore,  from  thie  digreasion,  the  nninjored  corala  and 
'  chambered  nnivalvet  of  Igloolik  QaL  60i^  N.),  MelviUe  Island,  and  other 
>J  high  latilndee,  snffieiently  prove  that,  doring  the  earboniferona  period, 
there  wee  an  elevated  temperature  even  in  northern  regions  bordering  on 
the  aictic  eirele.  The  heat  and  hnmiditj  of  the  air,  and  the  uniformity 
of  elimate,  appear  to  have  been  meet  remarkable  when  the  oldest  etratn 
hitherto  discovered  were  formed.  The  approximation  to  a  climate  eimt* 
lar  to  that  now  enjoyed  in  these  latitudes  does  not  commence  till  the  era 
o(  the  formations  termed  tertiary;  and  while  the  different  tertiary  rocks 
were  deposited  in  succession,  the  temperature  seems  to  have  been  still 
further  lowered,  and  to  have  continued  to  diminish  gradually,  even  after 
the  appearance  upon  the  earth  of  a  great  portion  of  the  existing  species. 


CHAPTER  VII. 

FARTHER  EXAMINATION  OF  THE  QUESTION  AS  TO  THE  DISCORD A^Cii;  Ok'  THE 
ANCIENT  AMD  MODERN  CAUSES  OF  CHANOB* 

On  the  causes  of  vicissitudes  in  climate — Kemarks  on  the  present  dilfusion  of  heat 
over  the  gkbe— Oa  tbe  dspemfence  of  the  mean  temperature  on  the  relative  poai- 
tioa  of  land  sad  •ear-^Isothermsl  lines-^Cttrrenti  from  equatorial  regions  (p.  116.)— 
Drifting  of  icebcrgs—Dilfisrent  teropentare  of  Northern  and  Soathetn  hemisplieres 

— Combination  of  cauies  which  might  produce  the  eatieme  cold  of  which  the 

earth's  surface  is  susccptiMo  (p.  125.) — Conditions  nprr>ssary  for  the  prodnotioa 
of  the  extreme  of  heat,  and  its  prol»able  eSocU  on  or|{axiic  life  (p.  130.) 

Caxse^  of  viri.ssirudrs  in  Climate. — As  the  proofs  enumerated  in  the  last 
chapter  indicate  thai  the  eariifs  surface  has  experienced  great  changes  of 
climate  since  the  deposition  of  tlte  older  sedimentary  strata,  we  have  next 
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to  inquire,  how  such  vicissitudes  can  be  reconciled  wiih  the  exislin^ 
order  of  nature.    The  cosmogonist  has  availed  himself  of  this,  as  of  every 
obscure  problem  in  geology,  to  confirm  his  views  coiic:eriiiii<r  a  period 
when  the  laws  of  the  animate  and  inanimate  world  differed  essentially 
from  :lu)f^e  now  established  ;  and  he  has  in  this,  as  in  manv  other  eases, 
succeedetj  so  far,  nj^  lo  di^^ert  attention  from  that  class  of  facts,  wliich,  if 
fully  i.nderstood,  might  proliably  lead  to  an  explanation  of  Uie pbenoraena* 
At  first  it  was  imagined  that  the  earth^saxis  had  beem  for  ages  perpaidMK 
lar  to  the  plane  of  the  ecliptic,  so  that  tbera  was  a  perpelaal  equinox,  and 
uniformity  of  Maflons  throughout  the  year; — that  the  planet  eaieyad  due 
*  pmdisiacal*  elele  tmltl  the  era  of  tiM  gnat  iood  s  hat  in  that  eataMro- 
plie,  .whether  by  the  ehook  of  a  eomet,  or  some  oilier  oootdWod,  it  loat 
Ha  equal  poiae,  and  henee  the  obliqoity  of  in  am,  aad  with  thai  tha 
varied  aeaaoaa  of  the  temperate  lono,  aiid  the  loof  iiifhta  aod  dajra  of  ih» 
polar  eirelea. 

When  the  progreaa  of  aetionoaieal  aeienaa  had  exploded  thie  theerjv  H 
waa  aaavned,  that  the  earth  at  ita  ereation  wee  in  a  elate  of  lloidity,  and 
red  hot,  and  that  ever  aiaee  that  era  it  had  been  eooling  down,  contraet- 
ing  ita  dimenaiona«  and  acquiring  a  solid  ernetv— an  hypotheaia  hardly  less 
nriritrary,  bat  more  ealeolaled  for  hvting  popularity,  because,  by  referring 
the  mind  directly  to  the  beginning  of  things,  it  requires  no  supp  ort  from 
observation,  nor  from  any  ulterior  hypothesis.  They  u  lio  are  satisfied 
witli  Uus  solulioii  are  relieved  from  all  necessity  of  inquiry  into  tlie  present 
laws  which  regulate  the  diffusion  of  heat  nv<'r  ilie  surface  ;  for,  however 
weii  these  may  be  ascertained,  they  cannot  f)ossibiy  adord  a  fuAl  and 
exact  elucidation  of  the  iiiternal  ch:in!^p«  of  an  embryo  world. 

But  if,  instead  of  forming  vajunie  i  onjecturcs  as  lo  what  might  have 
been  the  siatc  of  tlie  plar.et  nt  the  era  of"  Us  ercalion,  wr  fix  our  thoughts 
on  the  connexion  at  present  existing  between  climate  and  the  dislributios 
of  land  and  sea ;  aod  then  consider  what  influence  foroMr  fluctuations  in 
the  phyaieal  geography  of  the  earth  must  have  had  on  anpcrficial  tern- 
peratore,  we  may  perhaps  approximate  to  a  true  tbeoiy.  If  doubts  and 
cibaeiirities  still  lemaio,  they  ahookl  be  ascribed  to  oor  limiled  aeqnain^ 
anee  with  the  lawa  of  Nature,  not  to  revolotioBa  in  her  economy  |-^thoy 
aboold  atiarolate  na  lo  forther leaeareh,  not  mmpt  na  to  indalge  oor  fanoioa 
in  fuming  imaginvy  ayatema  for  the  government  of  infant  wodda. 

DigMon  ifkioi  intr  the  ghbe^H  oonaideRng  the  kwa  whidi  regu- 
late the  diffoaion  of  heat  over  the  globe,  wemnat  be  earefol,  aa  Humboldt 
meQ  nmarka,  not  to  regard  the  climate  of  Europe  as  a  type  of  the  tern- 
peratare  whieh  all  eoonliiea  plaoad  under  the  aame  latitude  enjoy.  The 
phyaical  aeiencea,  obaeiTM  thie  philoeopher,  alwaya  bear  the  impraaa  of 
the  places  where  they  began  to  be  enltivated  ;  and  at,  in  geology,  an  a^ 
tempt  was  at  first  made  to  refer  all  the  volcanic  phenomena  to  those  of  the 
volcanos  in  Italy,  6o,  hi  meteuiuiogy,  a  small  part  of  the  old  world)  the 
Vol.  i.— P 
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QOntPt'Of  the  primitive  cmlitation  of  Europe,  was  for  a  long  lime  coa- 
sitlered  a  type  to  which  iiie  cliiuale  of  all  correspouding  laUludes  might 
be  referred.  Hut  tiiis  region,  constituting  only  one  seveuth  of  the  w  liyie 
globe,  proved  evcnlii:illy  Id  lie  the  exceptkuu  to  the  general  rule.  For  the 
same  reason,  we  may  warn  the  geologist  to  be  on  his  g^uard,  and  not 
hastily  to  assume  that  the  temperature  of  the  earth  in  the  present  era  i?  a 
type  of  that  winch  most  usually  obtains,  since  he  contenijilales  far  inigfitier 
altei^lionfl  in  the  poeiiion  of  land  and  sea,  at  diBferent  epochs,  than  those 
irluch  Bow^  9mm  the  climal^  of  £ifiij^  lo  difibr  (lon  that  of  oihet  couft- 
feB«8  in  Ifaa  Mne  pastllels. 

U  M  mm  well  asoerlun»d  that  mm  of  •qvil  vwnih,  both  in  iIm 
iMtpkmaad  ia  the  waters  of  the  ocean,  are  DMiber  panlki  to  Ihetqitafeor 
Bor  ID  meh  oUior.*  Il  m  «Uo  koown  that  the  mean  ananal  tMnpmtoct 
wmf  be  the  earn  Is  two  pheee  wbieb  eojoy  voiy  different  eUiiial0e«  te 
the  eeieone  mey  be  neary  iioUbrm»  or  YioleoUy  eontrasted,  eo  that  tlfto 
Ibaea  of  ec|«d  viotor  lanipenitere  do  not  ooinoUo  viih  tboao  of  oqsal  nn- 
noel  boal»  ot  ieoiberaial  llneo.  Tbe  deviationa  of  all  theae  linee  from  tbe 
aaaae  peaallel  of  laiibide  are  deloniiised  by  n  noliitodo  of  eiranmetaaeoo, 
among  tho  priodind  of  whUaio  tbe  peeitioa,diiaNrtwQ»  end  ^  of 
tbe  oominenta  end  iaianda,  the  poaition  and  deplbo  of  ibo  aea,  and  tbn 
diieoliMi  of  eotranta  and  of  winds. 

On  comparing  the  two  continents  of  Europe  and  America,  it  is  found 
that  places  in  the  saiDC  lutiiuLk'^^  liave  buiueuiiiiis  a  mcaa  diilereace  of 
temperature  araountiog  to  11  ,  or  even  in  a  few  cases  to  17"  Fahr. ;  and 
some  places  on  the  two  continents,  which  have  the  same  mean  tempera- 
ture, differ  from  7^  to  13^  in  Iniiiude.t  The  principal  cause  of  greater 
intensity  of  cold  in  corresponding  latitudes  oi  >ioiih  America  and  Europe, 
is  the  connexion  of  North  America  wit!i  ihc  polar  circle,  by  a  large  tract 
of  land,  Fonie  of  which  is  from  3UU0  lo  5000  feet  in  heij^ht,  and, 
on  the  otlier  hand,  the  separation  of  Europe  from  the  arctic  circle  by  an 
ocean.  The  ocean  has  a  tendency  to  preserve  every  where  a  mean  tem- 
peralaiOt  wiiiah  it  communioaiea  to  tbe  contiguous  landi  ao  Uiat  it  tempera 
the  climate,  moderating  alike  an  excess  of  heat  or  cold.  Tbe  elevated 
land,  on  the  other  hand,  rising  to  tito  eokder  legiona  of  tbe  auneepbeKe^ 
beoomea  a  gieai  mMrmr  of  ieo  and  snow,  arrests,  condenaeaf  and  con- 
geala  vapoor«  and  eonninnionlee  iie  eoM  to  tbe  adjoinuig  conntiy.  For 
tbia  teaeon,  Qraonland*  ftnaung  part  of  a  eeotlnent  which  atntehea  norths 

•  We  are  indfbtrd  to  Baron  Alex.  Himiholdt  for  collcctlnLf  (o}Tr*ther,  in  a  beautiful 
essay,  the  scattered  data  on  which  ho  founde-a  an  approximation  lo  a  true  theory  oT 
the  distribution  of  heat  over  the  globe.  Many  of  tbete  data  am  derived  from  the 
MtthotlBewn  c»sarfattsns,ani  Msiorlkiaa  the  amki  of  If .  nana  PftawMt,  aTOtnaTBi 
on  the  nwUaiftoB'of  heatytad  etbar  vritna^— Set  Humboldt  ea  Isotbemial  Liofs, 
Uiaioires  d'Arcneil,  torn.  iU.  tianslated  in  the  Edin.  PhU.  JoQn.Tel.  iiL  Jiily»  1B90. 
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riforons  climaM  than  Lapland  atider  the  7lid  parallel. 

Rut  if  land  be  lifuated  between  the  40th  parallel  and  the  eqtmtor,  H 
produces,  unless  it  be  of  extreme  height,  exncily  ilio  opposite  eJfect ;  Tor 
it  then  warms  tlie  iracis  of  UnJ  or  sea  that  intervene  bcUi^een  it  and  the 
polar  circle.  I\)r  the  surface  being"  in  this  cat^e  ex[)0»ed  to  the  vertical, 
or  nearly  verucai  nvR  of  the  sun,  nfiport  s  a  large  quaiiuiy  of  heat,  which 
it  diffuses  by  radiauou  ioioihe  aimosphtire.  Forthis  reason,  the  western 
parts  of  the  old  continert  derive  warmih  from  Africn,  which,  like  nn  im- 
mense lurnace,  distributes  iis  honi  to  Arabia,  to  Turkey  in  Asia,  and  to 
£uro(>e."*  On  the  contrary,  the  north-eastern  extremity  of  Asia  expeii' 
ences  in  the  same  latitude  extreme  cold  ;  for  it  has  lands  on  tkm  Mth 
betwMii  the  eOth  and  70th  paralkl,  white  to  thi  WNith  it  i«  mpmamd 
ham  Um  ^mtar  kj  the  Indim  Ooasn. 

In  oonteqveM  of  the  more  eqatl  tenpenlm  of  the  waters  of  the 
oee«»tiiedifltle«ririimii«ador  eoMdiflhivMMtldly^^  tet^T 
tfio  ibImIiw  oToMillBMMit  dw  mofo  riMffNino  cUmiii  hoiii^  idwfiMiiiiiil 
bj  mUd  wioim  noii  leMptnto  sanBien ;  for  tho  m  bmiiiaodi 
ial»  lfa»  ooU  of  vtalw,  u  wdl  m  tfie  kraioC  lumvMr.  Whmh  tbmlbrti 
«o  tnoe  nmnd  Iho  globe  fhoM  belts  in  which  tho  mm  iimval  lenipini'^ 
torn  it  the  fMie«  wo  oAbd  And  great  dlffbMBOOt  l«  dloMlo  |  far  Ihm  am^ 
teH<«r  oKmalai  in  wMeh  the  eeum  ere  neerijr  equaliaed,  and  mmthm 
eUnntes,  as  ibey  have  been  ienned«  whom  the  twnpemiote  of  wiMar  ani 
summer  is  stronglf  eontraated.  *rhe  whole  of  Europe*  comfMOd  with 
the  eastern  parts  of  America  and  Asia,  has  an  insular  climate.  The  north- 
ern part  of  China,  and  the  Atlantic  region  of  the  United  States,  exhibit 
•*cxcts.^ive  cliniales."  We  find  at  New  York,  says  Humboldt,  the  sum- 
mer of  Rome  and  the  winter  of  Copenhagen  ;  at  Quebec,  the  simimer  of 
Paris  and  the  wialer  of  Petersburg.  At  Pekin,  in  China,  where  the  mean 
ic  inperalure  of  the  yenr  is  that  of  the  coasts  of  Brittany,  the  bioreliinf 
heats  of  summer  are  greater  thao  at  Cairo,  -Md  the  winters  as  rigorous  at 

St  Tp-SaLi-t 

If  lines  be  drawn  round  the  globe  through  all  those  places  which  have 
the  same  winter  temperature,  they  are  found  to  deviate  from  the  terrestrial 
paraUela  much  farther  than  the  lines  of  equal  mean  aaaiud  heat.  The 
Vnei  of  equal  winter  in  Europe,  for  example,  are  often  curved  so  m 
to  reach  parallels  of  laiititde  9^  or  10^  distant  from  each  other,  wheieae 
Ike  iaoilimial  iinee»  or  thoae  paasing  through  plaoie  having  tlie  iaM 
Men  annnal  Mnpeietnm*  diAr  only  fiM  4**  to  ft^ 

J^I^AMiie*  ^  mtmnti  miA  drffi  Ice  en  f m^prnfnuhP-^nMng  other 
ininentiel  eaoeee,  both  of  lemaihible  diveieity  in  the  nmn  amtnal  beat» 

*  Malte-Bnin.  Phyi.  Geog.  book  9vtt« 
t  Oa  isatbsniMl  Lines,  A«. 
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and  «r  oMiiaal  dif  ingftof  bMt  in  iIm  difiv^ 

of  enmnti  and  tba  amnalatioii  and  drifUog  of  ioa  in  hifb  latinidna. 
ThatempafataraQfllinXiagaUat  aomntia  IH^or  IS*  Falir.  abm  liwi  of 
the  sea  at  the  Capa  of  Good  Hope ;  for  the  gtaaier  part  of  ila  wmMmm 
flow  through  the  Mozambique  channel,  down  the  south-east  coast  of 

Africa,  and  arc  derived  frora  re^nuiis  in  llie  Indian  Ocean  much  nearer  the 
line,  and  iiuu  ii  hoLluf  Llum  ilic  Cape.'  An  opposite  effect  is  produced 
by  the  **equ  iiurial"  curreni,  wliirh  crosses  the  Atlantic  lioiii  Africa  to 
Brazil,  having  a  breadth  varying  irora  160  to  450  nautical  miles.  Its 
waters  are  cooler  by  3°  or  4°  Fahr.  than  those  of  the  oceaa  UoUer  iha 
line,  po  that  it  moderates  the  heal  of  the  tropics.t 

But  the  effects  of  the  Gulf  stream  on  the  climate  of  the  Norili  Atlaniic 
Ocean  are  far  mure  remarkable.    This  most  powerful  of  known  currents 
haa  ita  source  in  the  Gulf  or  Sea  of  Mexico,  which,  like  the  Mediterra* 
■aan  and  other  close  aeaa  in  temperate  or  low  latitudes,  is  warmer  than 
the  open  oeean  in  the  aanie  parallels.    The  teni|»Matttn  of  the  Mexieon 
sea  in  summer  is,  accoidbg  to  Rennel,  86°  Fahr*  or  ai  )aaal  7^  abofo  that 
of  the  ▲ilaniie  in  tbo  aama  latilade4  Ffom  ibia  gnat  loaervoir  or  caldron 
of  warm  valor,  a  constant  onrnnt  pooia  forth  tbroogk  the  atraaia  <if 
Bahama  at  the  rale  of  three  or  Ibnr  ailaa  an  boor;  it  eioaaoa  the  oeoott 
in  a  nonh«eaaleriy.  direetiooi  akirling  the  great  bank  of  Newfbnndlaail« 
where  it  aiill  rataina  a  temjMBralore  of  8**  abo? e  that  of  the  munmndmg 
aoa.  It  raaehea  the  Aioraa  in  aboot  aaYOnty^eight  daya»  aiWr  ilowii^ 
nearly  3000  geographical  milea,  and  fnfm  thenee  it  ionietimaa  ezlanda  its 
come  a  thonaasd  milee  further,  no  aa  lo  reach  the  Bay  of  Biaaay*  aiiU 
lelauiing  an  exoeaa  of  5'  above  the  mean  tempemtoie  of  the  aaa.  Aa  ii 
haa  been  known  to  arrive  there  in  the  mootha  of  November  and  Jaoaary» 
it  may  tend  greatly  to  moderate  the  cold  of  winter  in  countries  on  the 
west  of  Europe. 

There  is  a  large  irart  in  the  centre  of  the  Nortli  AlluiUic,  bei\vt-in  ih© 
paraileU  of  3iJ  uud  35  iN  .  lai.  which  Rennell  calls  the  '*  recipieal  of  the 
gulf  water."  A  great  part  of  it  is  covered  by  the  weed  called  sargasso, 
whicli  the  current  floats  in  abundance  from  the  Gulf  of  Mexico.  TW\& 
mass  of  water  is  nearly  stagnant,  is  warmer  by  7°  or  10^  than  ilie  waters 
of  the  Atlantic,  ami  may  be  compared  to  the  liesii  water  of  a  river  over- 
flowing ttje  heavier  salt  water  of  the  sea.  Renneli  estimates  tlie  area  of 
the  "  recipient,"  together  with  that  covered  by  the  main  current,  as  being 
2000  miles  in  length  from  £•  to  W.,  and  350  in  breadth  firom  N«  to  8., 
which,  he  remarks,  is  a  larger  ana  than  that  of  tlie  Mediterranean.  The 
heat  of  this  great  body  of  water  ia  kept  np  by  the  iooeaaant  and  quick 
arrival  of  (foah  anppUea  of  worm  water  from  the  eoothi  and  there  can  bo 

*  Renneil  on  Cuxr«ott|  p.  86.   Loiulon,  l^jSSL 

t  ibid.  p.  153.  t]bi4.p.». 
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ao  dooln  ihtt  Ae  g«nMl  fltimato  of  ptrto  of  Europe  and  Amoriea  m 
MteriaUy  aflbelml  by  Ihii  came* 

It  w  eonsiderod  probable  by  Seoretby,  Ihtt  the  infloenee  of  the  gulf 
stream  extends  evea  to  the  sea  near  Spitzbergen,  where  its  waters  may 
pass  under  those  of  melted  ice ;  for  it  has  hecn  luund  ihat,  in  the  neigh- 
bourhood ot  Spiizbergen,  the  water  is  warmer  by  0^  or  7^  at  the  depih 
of  one  hundred  and  two  huudied  ialhoms  ihaii  at  the  surface,  Thie 
mighi  arise  from  the  known  law  that  fresh  water  passes  the  point  of 
greatest  denpiiy  when  cooled  down  below  40°,  and  between  thai  and  the 
freezing  point  expands  again,  'i'he  wait  r  ot  melted  ice  might  be  lighter, 
both  as  being  fresh  (having  lost  its  salt  in  the  decomposing  process  of 
(ffeeiiiig)f  and  because  its  temperature  ia  nearer  ihe  freesing  point  tiian  the 
mferior  water  of  the  gulf  atream.* 

Tbe  great  glaciers  geneiated  in  the  valleys  of  Spitzbergen,  in  the  79° 
of  north  latitude,  are  aimoal  all  cut  off  at  the  beaeb,  being  melted  by  the 
feeUo  femoant  of  heat  atiU  lelained  by  the  gulf  atream.  In  BaAn*a  Bay^ 
on  the  cootraiy,  on  the  woat  cooat  of  Old  Greenland,  where  the  tenpeni* 
inie  of  the  eea  ia  not  mitigated  by  the  aame  eanaot  and  where  there  ia  no 
wanDor  nnder^nont,  the  giaeien  atreteh  out  Ciom  the  ahoie,  and  foimah 
lepeaied  eiope  of  mouAtainoue  waaaee  of  ioe  whieh  float  off  into  the 
eeean.t  The  number  and  dimenaione  of  theae  bergs  is  prodigioua.  Cap- 
tain Roee  aaw  aeveral  of  them  together  in  Baffin*a  Bay  aground,  in 
water  1500  feet  deep!  Many  of  them  are  driven  down  into  Hiid^oi)'t» 
Bay,  and  accumulaiiiig  there,  diffuse  excessive  cold  over  the  neighhouring 
continent ;  so  that  Capiam  i'ranklin  reports,  that  at  the  mouth  of  Haves 
river,  which  lies  in  the  same  latittide  a^i  ihc  noriii  of  Prussia  or  the  south 
ol  i>''f)ihind,  ice  is  found  every  where  in  digging  wells,  in  summer,  at  the 
depih  uf  four  feet!  Other  bergs  have  been  occasionally  met  with,  at 
midsummer,  in  a  state  of  rapid  thaw,  as  far  south  as  lat.  40^,  and  lontri- 
tcde  about  00  \Vcsi,  where  they  cool  the  water  sensibly  lo  ihe  distance 
of  forty  or  hi ly  miles  around,  the  thermoineter  sinking  sometimes  17°,  or 
even  \9°,  Fahrenheit,  in  their  neighbourhood.^  It  is  a  well-known  fact 
that  every  four  or  five  yeara  a  large  number  of  iceberga,  floating  from 

*  When  SeoKflfay  wiole  in  1820  (Arctto  Region*,  vol.  i.  p.  210),  ha  tobted 
whether  Mlt  water  expnaded  like  fresh  water  when  freezing.  8ince  that  time 
Erman  (Pof??pndorf '»  Annalon,  1829,  vol.  xxl.  p.  4H3,)  has  proved  by  experiment  tliat 
»ea-water  dws  not  follow  Uie  H  itne  law  iVosh  \v:itpr,  m  I)e  I-uc,  Rumford,  and 
Marcet  had  supposed.  Ou  the  contrary,  it  appears  that  salt  water  of  up.  gr.  1.0!i^ 
(which  according  to  Berxeliiia  is  the  mean  dennty  of  sea  water)  has  m  maximum 
^  iauiijf  ao  long  as  it  raindBs  fluid ;  and  even  when  ice  begina  lo  IbOB  in  it,  the 
■emainiiig  fluid  part  alwaya  iacreasea  in  density  la  proportimi  to  tbe  degiac  of 
nfrigeratioa. 

t  8cofe«by*s  Arctic  Regions,  vol.  i.  p.  208. — Dr.  Latta's  Observations  OB  the 
Giarf^rs  of  Spitzbergen,  &xi.   Edia.  iiew  Phil.  Joom.  voL  iii.  p.  97. 
%  Reaoeli  on  Cnriento,  p.  d&. 
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of  leBlud.  Thb  inhabitaalt  m  Umo  twm  tfail  iM  onpt  wHI  flrfl,  » 
MnMqvenoe  of  fogs  whidi  ara  gtmoralMl  dlmon  tooemaUy  t  ^ 
tarUi  of  food  w  nal  oonfliMd  lo  tho  luid,  Ibr  Ao  UmpmaUm^  of  ibo 
wMr  if  so  obanged  thtt  tko  M  ontiioly  deien  the  comu 

D^f^muM  9f  ^&tMi%  th9  I^tttktm  wind  Snttkitn  ktMi^Attn^^^ 
When  we  compare  the  climate  of  the  northern  and  soollierii  liemisplicnreOv 
wc  obtain  still  more  instruciion  in  regard  lo  the  influence  of  the  distribu- 
tion of  land  and  sea  on  climate.  The  dry  land  m  the  sniiLlicrn  licinis* 
phere  is  to  that  of  the  nurihern  in  the  ratio  only  of  one  to  ihree,  excludmy 
frfini  our  nHis]il(  rauua  that  part  which  lies  between  the  pole  nnd  tite  74* 
of  south  latitude,  which  has  hiiiiorU)  proved  inaceessibU  .  Aiui  \\  liereas, 
in  the  northern  hemisphere,  between  the  pole  and  ilu'  iliiriieih  |)araUei 
of  iiorih  latimdr,  ilic  I.iiid  nnd  sea  occupy  nearlv  eqind  nrp^?*,  the  ccean 
on  the  southern  liemisphero  cover?  no  less  than  fifteen  parts  in  sixtom  nf 
the  entire  space  included  between  the  aotsioiio  oirelo  aad  the  liurtioiii 
penllel  of  south  latitude, 

Thie  great  extent  of  tea  gIfOt  a  particular  ehaiaelor  to  climates  fKintli 
of  the  equator,  the  wiatani  befaq^  miU  and  the  summers  cool*  Thus,  in 
Van  Diemen's  Land,  corresponding  nearly  ia  lalilode  to  Romet  the  wiiK 
laia  are  more  mild  than  at  Naplea,  and  the  iittmen  not  wamer  thaa  thooe 
at  Parb,  whieh  k  V  fiutharfrooi  the  eqoatdt.*  The  eihet  o«  wgetaUmi 
ia  veiy  lomatfcabie  a  two  hmh  for  taatuea,  whieh  foqeiio  aboodiaeovf 
Meiitiuet  and  an  eqvalnatlDii  of  the  aeaaoM,  afo  fboiid  io  Van  Diemen^ 
lead,  io  iaUtude  4S^  At  aod  in  Now  Zeatand  in  aoath  laHmde  dtt^.  Tiio 
oiohldeoiia  pmailea  also  adtance  to  the  18^  and  if  of  eooih  latitado. 
Hemholdt  oheeifei  that  it  b  in  the  iiionnfaiNeifv,  len^Nyofit  knmtd^  awl 
9haily  parts  of  the  eqastorial  regions,  that  the  fiunOy  of  fetus  fnodoeee  the 
greatest  nnmber  of  spedee.  As  wo  know,  therefbre,  that  etesnion  often 
compensates  for  the  eileet  of  latltnde  in  the  geographical  dittrihotion  of 
plants,  we  may  easily  understand  that  a  class  of  vegetables,  which  ^ow  at 
a  ceruuu  heiijht  in  the  torrid  zone,  would  flourish  on  the  phuns  ;!i  ureatrp 
distances  from  liie  equnlor,  if  the  temperature,  moisture,  and  other  neces- 
sary conditions,  were  equally  uniform  throughout  the  year. 

Tt  Vns  long  been  suppuftcU  thai  the  i^eneral  temperature  of  the  southern 
hemisphere  was  coniidcrahly  lower  than  that  of  the  northern,  and  that 
the  difTerence  amounted  to  at  least  1 0®  Fahrenheit.  Baron  Humboldt,  after 
collecling  and  comparing  a  great  number  of  observations,  came  to  the  con- 
clusion that  even  a  much  larger  difference  existed,  but  that  none  was  to 
be  observed  within  the  tropies,  end  only  a  small  diflference  as  far  as  the 
thirty-fifth  and  fortieth  parallel.  Captain  Cook  was  of  opinion  that  the 
iee  of  the  antarotie  predomioated  gvaatljr  Ofor  thai  of  the  arctic  regioot 
thai  enciroliog  the  aoathem  pole  eoounf  naeter  the  eqoator  hy  10^  than 

*  Uiunboldt  OB  laotbermal  Lines. 
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tb»  iee  arooad  north  pelt.  Bat  Ui*  reoent  voyzgrn  of  Woddell  and 
Btaeoa  luivo  ^own  that  on  certain  meridians  it  is  possible  to  approach  the 
south  pole  nearer  by  several  degrees  than  Cook  had  penetrated ;  and  even 
in  the  seventy-third  and  scvciiiy  iourih  dtureeii  ui&uullilalLludt;,  they  (ound 
the  sea  open  and  with  few  ine-floes.* 

Nevertheless,  the  greatir  cold  of  high  bouthern  latitudes  is  eoiilirmed 
by  the  descnplion  given  both  by  ancient  and  moilern  navigators  ui  die 
lands  in  this  hemi«»pbore.  In  Sandwich  land,  according  to  Cook,  in  59^  of 
south  latitude,  the  pcriicUial  ?iio\v  and  Ice  renrh  to  the  sea  beach  ;  and  what 
is  siiii  more  astonishing,  in  the  ii»land  of  (seorgia,  which  is  in  54°  south 
latitude,  or  the  same  parallel  as  Yoriishire,  the  line  of  perpetual  snow  d^ 
scends  to  the  level  q£  the  ocean.  When  we  coatader  this  fact,  and  then 
iwoUect  that  the  mniniit  of  tlie  highest  mountains  in  ftfWTiload,  iMir  do- 
grees  farther  to  ibo  Mtih*  do  not  attain  the  limii  of  pofpotnal  mow  ob  oor 
oide  of  the  equator,  we  learn  that  latitude  is  ooo  onlj  of  roanf  poweffal 
ooBoaOt  vhich  detomioe  iho  nlioioto  of  ptrticular  regions  of  the  globo*  Tbt 
ptroMiMiieoof  fnow  in  tho  loiilhoni  hoMltphoiOi  w  as  tliio  iMtaMco  poiiljr 
doe  to  tho  floatiof  iot,  vhioh  ohiUt  Iho  otsioophere  aod  ooodoMot  tho 
vapoor,  to  that  ia  wmmn  tho  tan  onnol  piom  Chnnf  h  iho  Ibggj  air, 
Bnl  boiidio  tho  ohModiooo  of  iot  whiidi  ooven  dw  oto  fo  the  tooth  of 
Gooifio  ud  Saodwieh  land,  wo  may  alao,  aa  Hooiholdt  suggestiy  aaeribe 
tho  ooM  of  thoao  oowitriaa  ift  part  lo  tho  abaaneo  of  lasd  botwoan  tham 
and  tho  tropics* 

If  Africa  and  New  Holknd  ezteoded  fftrtfi«>  to  the  sonth,  a  diminution 
of  ieo  would  take  place  in  consequence  of  the  radiation  of  heat  from  these 

continents  during  summer,  which  would  warm  the  contiguous  sea  atid 
rarefy  ihe  air.  The  healed  atiiai  currenis  wi>iiUi  ihun  asL-t  iid,  and  ilow 
iimio  rapidly  towards  the  south  pole,  and  aiudufcitc  the  winter.  In  con- 
hrniaiiun  of  these  views,  it  is  stated  that  the  ice,  which  extends  as  far  as 
the  08^  and  71°  of  m)iu1j  laiiiu<!e,  ndvances  more  towards  the  equator  when- 
ever it  mrpl«J  nil  ojit  n  >('a  ;  thai  is,  wliere  liie  t .xlruiinties  of  the  present 
continents  arc  not  opposite  to  il;  and  liiis  rircunifeiaiu  L'  seems  explicable 
only  on  liie  principle  above  alluded  to»  of  the  radiation  of  heat  from  the 
lauds  so  situated. 

The  cold  of  the  antarctic  regions  was  conjectured  by  Cook  to  be  due  to 
tho  oxistanee  of  a  large  tract  of  landbetwean  tho  aoToatieth  dagrao  of  aooth 

•  Captain  Wcdf!'  !!.  in  1?*2:?,  advanced  3^  farther  than  Captain  Cook,  and  arrived 
&i  lat.  74^  1«>'  south,  long.  'M°  17'  we»t.  After  having  passed  through  a  aea  vtrewed 
with  numerous  ice  Ulaads»  be  artited,  in  that  high  latitude,  at  an  open  oeeaa;  Mat 
even  if  be  bad  ssUed  6^  Aitber  south,  bs  woold  om  bate  peaelntsd  to  Ugher  kll- 
tote  thao  GaptaiA  Twny  la  ibe  atctic  drok,  who  itaehed  lat  81*  lil'  61"  aerth. 
CapUin  Biscoe,  in  1831  and  1^32,  discnvercd  Graham's  Xisnd,  between  64<=>  and 
Cc*^  S.  lat.,  to  the  southward  of  New  South  Slietland,  and  Enderby'i*  Land,  in 
the  sarnr  latitude,  on  the  mexidian  of  Madagfacar.  Journ.  of  Roy.  G«ugraph.  Soc 
of  LondoU)  1833,  p.  105. 
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latitude  and  the  pole  ;  and  it  is  worthy  of  observation,  that  even  now,  after 
the  most  recent  voyages,  the  area  still  unexplored  within  the  antarctic 
circle  is  much  more  than  double  the  area  of  Europe.*  Some  geographers 
think  that  the  late  discovery  of  Graham's  and  Enderby's  Lands  (betweca 
lat.  64°  and  68°  S.),  both  of  which  Captain  Biscoe  believes  to  be  of  great 
extent,  has  strengthened  the  probability  of  Cook's  conjecture.  These 
newly  observed  countries,  although  placed  in  latitudes  in  which  herds  of 
herbivorous  animals  are  met  with  in  the  northern  hemisphere,  nay,  where 
man  himself  exists,  and  where  there  are  ports  and  villages,  are  described 
as  most  wintry  in  their  aspect,  almost  entirely  covered,  even  in  summer, 
with  ice  and  snow,  and  nearly  destitute  of  animal  life. 

The  distance  to  which  icebergs  float  from  the  polar  regions  on  the 
opposite  sides  of  the  line  is,  as  might  have  been  anticipated,  very  dif* 
feient.  Their  extreme  limit  in  the  northern  hemisphere  is  lat.  40°,  as 
»  before  mentioned,  and  they  are  occasionally  seen  in  lat.  42°  N.  near  the 
termination  of  the  great  bank  of  Newfoundland,  and  at  the  Azores,  lat. 
42°  N.,  to  which  they  are  sometimes  drifted  from  Baffin's  Bay.  But  in 
the  other  hemisphere  they  have  been  seen,  within  the  last  few  years,  at 
different  points  off  the  Cape  of  Good  Hope,  between  latitude  36°  and 
89°.t    One  of  these  (see  fig.  3.)  was  two  miles  in  circumference,  and 


Iceberg  seen  off  the  Cape  of  Good  Hope,  Jlpril  1829. 
La/.  39°  13' S.  Lon^r.  48°  4C' E. 
150  feet  high,  appearing  like  chalk  when  the  sun  was  obscured,  and  having 
the  lustre  of  refined  sugar  when  the  sun  was  shining  on  it.    Others  rofe 
from  250  to  300  feet  above  the  level  of  the  sea,  and  were  therefore  of 
great  volume  Tjelow ;  since  it  is  ascertained,  by  experiments  on  the  buoy- 
ancy of  ice  floating  in  sea-water,  that  for  every  solid  foot  seen  above, 
there  must  at  least  be  eight  cubic  feet  below  water.:^    If  ice  islands  from 
the  north  polar  regions  floated  as  far,  they  might  reach  Cape  St.  Vincent, 
and  there,  being  drawn  by  the  current  that  always  sets  in  from  the  Atlantic 

*  Mr.  Gardner  informs  me  that  the  inrface  of  Europe  contains  about  2,793,000 
square  geographical  miles,  the  unexplored  antarctic  region  about  7,620,000. 

\  On  Icebergs  in  low  Latitudes,  by  Capt.  Horsburgh,  by  whom  the  sketch  waa 
made.    Phil.  Trans.  1830. 

\  Scoresby's  Arctic  Regions,  vol.  i.  p.  234. 
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through  the  Straite  of  Otbraltar,  be  driAed  into  the  McditCTranean,  ao 
Uiat  the  9erene  sky  of  ihai  deiighUid  fegioa  migbi  toon  be  deformed  by 

r 

elouda  and  mists. 

"Before  the  amount  of  difference  between  the  temperalirTe  of  the  two 
hemispheres  was  ascertained,  it  was  referred  by  many  asironomers  to 
the  precession  of  the  eqntaozes,  or  the  aeeeleratioo  of  the  earth's  motion 
m  its  perihelimD ;  ia  mMfiiieiiee  of  whioh  th«  spnag  and  summer  of  the 
w&QKitam  Imnisphere  m  MW  shorter,  by  nearly  eight  days,  than  those 
mmamm  north  of  the  equator.  Biit  Sir  J.  HentlMl  mninds  m  that,  the 
excess  of  eight, In  the  duration  of  the  sun's  pretence  in  the  northern 
jn—iiyhmi  Sa  aot  pro^nettye  of  an  excess  of  annual  tight  -and  beat; 

^vtelBMr  bn  Am  iflhiMir  nf  tfaa  mt&ifa  tML  tfM  iwo'lMniHihMm  umA 
nodMi  ^fMrf  flifilMli  fiMHAMiif  iC  'Kglit  nnd  ImI  pif 'SBMMBf  As  ^pfox^ 
teily  of  llw  NB  in  perigee  medy  oompsnirtlng  tlw  tiboi  nf  iti^wCM 
■lOTNBt*  nnHMiOTit  vnwvwv  OTiMiveVf  hri  iniv  nnv»  ne  n  graMOr 
loM  beat  by  m4MIoii  in  tbv  ■ontfrnn  hmtsphen  dnring  a  wlnln 
loRger  by  eight  dajpt  ita  thittn  teeteilde^dM  oqnalor.f  ' 

PtelMiiMi  n#  very  senstMe  €flbet  nwy  be  piwlneed  by  Urie  snufee  of  dis* 
larbnnee,  yet  the  geologist  should  bear  in  rotnd  that  to  a  certain  extent  it 
operates  aUernately  on  each  of  ihc  two  hemispheres  for  a  period  of 
lipwanlts  of  10,000  years,  dividing  inietjualjy  the  times  duriiio^  which  the 
cnnual  supply  ol  solar  light  and  heat  is  receircd.  This  cauae  inay  some- 
times lend  to  counterbalance  inequalities  of  temperature  result  in  t;  from 
other  far  more  influential  circumstances;  h\n,  on  ttie  oilier  hand,  it  must 
eometimes  tend  to  increase  theAZtxeme  of  deviation  ariaiog  from  particu* 
lar  eombtimtions  of  causes. 

But  whatever  may  be  at  present  ibe  inferiortty  of  heat  in  the  tempe> 
nte  and  frigid  nonet  aonth  of  the  line,  it  if  quite  evident  that  ihe  cold 
Mild  be  far  more  intense  If  tem  happened,  instead  of  open  sea,  to  bt 
tafrti  of  eknuad  land  between  the  50lh  and  Wk  pandlal;  and  on  dM 
odMT  IimmI»  thn  ooU  would  be  moderated  if  there  wat  noM  Itnd  balwwa 
ihi  \mm  wmA  ibn  twly^'fildi  dagioo  nf  aonih  tilhndiN 

tHkmtit  Btring  oAiid  tbean  britf  mitrka  on  the  dHitarion  of  boat 
Mor  dw  ^bbn  in  iba  ftumH  mm  ol  dto  nniftM^  I  afaill  now  pwtead  to 

^  IMplMtewSf  cbawaeSiiiriNlyflemaveiy  rimpts  tbeoisasi  fiUsb  nay  bs  thas 
^  dMadr'  ^Tbamsanntef  bmiseaii'sedbiy  As  eaHb  flrem  fbeavii  wbfia  dssarfltBy 
any  part  of  its  ortMfc,  is  ptoportioaal  ta  Iba  angla  isssiibed  rosmd  tba  ean'a  eealMi>* 
80  that  if  dw  siMt  bt  divided  into  two  pesdsiia  by  a  line  diawn  j»  any  dfpwb'sn 

thrnti^rh  tltp  Htiin*?»  f'*»nfrf ,  ihr  hrnt  rereircd  in  dp«tTiMn^  the  two  unequal  segments 
of  the  ellipse  so  prodttoed  will  be  equal. — QeoL  Timas.  vol.  iii.  partii.  p>298i 
movnd  series. 

t  On  isothermal  Lines. 
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if  iiiwUti  tm  th<  nilwitodes  of  cluMtet  wldtk  wm0k  tttend  thats  ■mBi 
wiirtUHii^jui  Uht  gMgiapbical  foiivm  of  owr  jkmH  whieh  m  mImi* 
pUuid  ia  geology.  That  cor  ■poenlallom  mtj  bo  eoafiwd  wiUua  ihf 
•ttkt^IvnMo  of  walo^t  1  diaU.aanuno«  Uig  ThtL  Ao  |»opoilioa  of  dij 
ll|od'1o..aoo  oontinnoo  dwayo  thonino.  Sd^,  ^Tbia Iho «obHOO of  tki 
laiidmiiVfbovotlMlofolof teioou•ooB■l«^qll■^^  attdmotoolf 
'  thot,ito  mom,  Inil  thai  iU  osliono  am  Ualijte  only  to  trifliog;  w» 
ItOQa.  adly.  That  both  the  mow  tad  oH  www  di^Ui  of  tlio  ooo  ago  Im9^ 
liable ;  and,  4thly,  It  may  be  cimeiMeiit  with  dooeaatioo  to  aaauaao  thai 
the  grouping  together  of  the  land  in  continents  is  a  neceaaary  part 
of  the  economy  of  nature;  for  it  is  possible  iliai  ilie  laws  which  govern 
the  subterranean  forces,  niul  whic  h  aci  simultaneousiy  along  certain  liaca, 
cannot  but  produce,  at  every  epoch,  coiiilnuous  mountain-chains;  so  that 
iho  subdivifltoa  of  the  wUok  land  into  ioiiiUB^raDk  isiaaiia  may  be  pra> 
eluded. 

If  it  be  ol)jccted,  ihnl  the  maximum  of  elevation  of  land  and  depth  of 
aeaare  probabiy  not  constant,  nor  the  gathenn::  together  of  all  the  land  in 
eertsin  parts,  nor  even  perha)>0  the  reUiive  extent  of  land  and  water,  I 
reply*  thai  tho  aigumenta  about  to  be  adduced  will  be  atreogtbeDed,  if,  ia 
tbolo  pooidiarities  of  the  lurface,  there  be  coMloiable  deviationa  km 
the  preaont  lypo«  If,  ior  ownple,  all  other  ctrcumataoooa  hoiag  tba  oaHi^ 
the  land  is  at  one  time  more  difided  into  islandatbao  at  aorthi  it  a  gnalff 
noUbnnity  of  cUmala  migbt  bo  ptodaoad»  the  moan  twipeiotHft  itnaiB* 
iqf  tinalioredi  or     at  aoolhaff  tn,  thaio  wofo  ■oonlaiBo  higher  ihaa 
the  Uiflulaya,  Iheaot  whco  plaoed  io  high  hrtil«dee«  wooU  oanoo  a 
gnalor  oxeeea  of  oold.  Or«  if  wo  eappoio  that  at  eertaia  parioJe  m 
ehalaof  hiUa  in  the  world  roeo  beyond  the  heightof  KMKMIbel,  a  grealv 
heat  jnlght  then  have  prevailed  thaa  ia  ooMpatiMo  with  tho  eiieieaeo  of 
■KMiotaiiia  tbriee  thai  elevatioik 

However  eonetaat  BMy  be  the  telalive  proportion  of  eea  and  land,  wa 
kaow  that  there  it  annually  some  small  variation  in  their  respective 
graphical  positions,  and  that  in  every  century  the  hand  is  in  ?ome  parts 
raised,  and  in  others  depressed  by  eariliquakes  ;  and  so  likewise  ig  the 
bed  ol  the  sea.  By  thcbc  and  other  ceaseiess;  changes,  the  coudguration 
of  the  earth's  surface  ha&  been  remodelled  asr-^in  and  n^Ain  j^incc  it  was 
the  habitation  of  organic  beings,  and  the  bed  ol  the  ocean  has  been  iitied 
up  to  the  hei^rht  of  some  of  the  loftiest  mountains.  'J'he  imagination  ia 
apt  to  take  ahinn  when  called  upon  to  admit  the  formation  of  sue!)  irregu* 
laritics  in  the  crust  of  the  earth,  after  it  had  once  beoooM  the  babitataav 
of  living  creatures;  but,  if  time  ba  allowed,  the  operation  need  not  sab* 
fart  the  ordinary  repose  of  nature,  and  the  result  is  in  a  general  view 
inatgoUlcant,  if  we  consider  how  al'ightly  the  highest  monotauKbaiaa 
eaote  oar  globe  to  differ  from  a  perfect  ephere,  Chioiboraio«  thoigh  it 
fiaeetomoio  than  S1«000  loot  aboto  the  loa,  wooM  bo  iopMMied»  oa  o 
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globe  of  about  six  fe  et  in  dinmeter,  by  a  grain  of  f and  iesa  than  oa9*i 
twentieth  of  an  inch  in  thickness.*  •        '  ■  ' 

The  superficial  inequalities  of  the  earth,  then,  may  be  deemed  minute 
ia  quantity,  and  Ibelr  diatribotion  at  any  particular  epoch  must  be  regarded 
ia  geology  as  temporary  peculiarities,  liJw  Uw  iMlghl  tad  ontlme  of  thei 
eoM  of  Vmriia  in  the  interval  between  two  eraplioMb  *  But  alihoogh^ 
m  wftwtfa  to  tlM  magBlftflda  of  the  globe,  the  imrndneai-of  die  auHaee' 
it  so  ttaioiporliiM,  itii  oo  ihe  poeiCioii  eiMi'diraotioii  of  these  email  Ino*' 
qoalfiiiee  ihet  the  eleie  Of  tho  aUBoephefe,  end  both  feeel  end  geneial 
cliaeie,  ere  neinlj  dependent  '  *' 

Before  eoneidering  the  eflhet  iKileh  e  nmtariel  ^lenge  In  the  dietribelion 
of  land  end  eea  nraeloeeeiieB,  it  mmy  be  well  to  feai«fc»  how  gteetiy  organio 
Hfe  may  be  eibotMl  by  those  mhor  ▼eiMonsy  whieh  need  not  in  the  leeec 
degiee  idler  the  general  tontpentere.  Time,  Ibr  example,  if  we  eappoae> 
b7  e  aerien  of  eonvnlaUme,  e  eerteln  part  of  Gieenland  to  beeome  eea,  and,  • 
hi  eempenaetioo,  a  traeiof  land  te'ifee  and  eoimeet  8p(tzbergen  with 
Laplaiid,-- <an  nrcession  not  greater  in  amount  that  one  which  the  geoliigist 
can  prove  lo  have  oocurreii  m  certain  ilistrieUj  borilenng  ihe  Mediterranean, 
within  a  comparaiively  modern  period,— this  altered  form  of  the  land 
might  cause  an  interchange  between  the  climate  of  cert;iin  ports  of  North 
America  and  of  Europe,  which  lie  in  corresponding  laiiL\idf  s.  Many 
Eurojunin  species  of  plants  and  animals  would  probably  perish  in  conse- 
quence, because  the  ineiin  tcmperalnre  would  he  irrcixily  lowered  ;  and 
others  would  fail  in  America,  because  it  would  there  be  raised.    On  tiie 
other  hand,  in  places  where  the  mean  annual  heat  remained  unaltered, 
some  species  which  flourish  in  Earope,  where  the  seasons  are  more  uni- 
fem,  woeM  be  unable  to  resist  the  greater  heat  of  the  North  American 
summer,  or  the  inteneer  eold  of  the  winter ;  while  othen,  ho^  dtled  bf 
their  habits  for  the  great  eontraet  of  the  American  «eaione«  woDld  not  be 
Mad  far  the  teirfaf  dinmte  of  Enrope*  The  vine,  for  examine*  accord* 
log  to  Hmnbdidt,  enn  be  enllnrttad  with  adnniege  It^  Ibrlher  north  in 
Rirape  tiban  in  Korth  Amertce.  Man^  planle  enduie  ievcto  liroatt*  hot 
wnol  ripen  ihelr  eeede  wMiont  n  eeiteln  Inteneity  of  eommer  heat  end  n 
0iitiin  ^pientllj^  of  Hglit }  etime  eannot  endne  h  alnfler  infmalt^  eidieip 
ofheatoroQld. 

It  ia  new  oatabKahed  ttiel  many  of  Ihe  enaUeg  spedee  of  anhnab 
beve  iMiiied  great  ehengee  In  the  physical  geography  of  tho'glahe.  If 
•eah  epeaiee  be  tereMd  Modem,  in  eompariaon  to  lecee  which  preceded 
ttaif  their  remains,  neyerthelesa,  enter  inlo  sobmerine  deposits  many 
bendred  miles  in  length,  and  which  have  since  been  raised  from  the  deep 
to  no  incoasulerable  aUiLuJe.  When,  therefore,  it  is  sIio\vn  tliat  changes 
in  the  temperaiufe  of  the  atmosphere  may  be  Uic  cooi^e^ueiice  of  such 

*  Malte-Bnm't  Bjttem  of  Geogn^ji  book  L  p.  6. 
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we  dnd  tba  dlitrflNitifHi  of  «xbting  speolM  t»  hm  kmtp  i»  regard  to  §rm§i 

tude  a«  well  a»  laijtiid«.r   If  all  specieg  were  now,  hy  an  exertion  of  eree- 
live  power,  lo  be  difTtised  uniformly  throughout  those  zotiefl  where  there  i 
is  an  equal  degree  of  heat,  anti  in  all  respects  a  similarily  of  ehraalc,  ihey 
would  begin  from  this  mojnent  to  depart  more  and  more  from  their  origi- 
nal (listribulion.    Aqualic  anil  terrestrial  species  would  be  displaced,  as 
Hookc  long  ago  observed,  so  often  as  land  and  water  exchanged  places  ;  ^ 
and  there  would  also,  by  the  formation  of  new  mountainf  and  oilier 
changes,  be  transpositions  of  clim:^te,  cnntribuUag,  in  tbe  inaiiaer  Miai»  | 
■Jluded  to»  to  the  local  exterromatton  of  species.* 

If  we  now  proceed  to  consider  the  eiicumeteaeee  required  for  a  general 
eii&nge  of  temperature*  it  will  iq^pear,  from  the  faeta  and  prinoiplet 
already  lai4  dvmmw  tlia^  wiMiiever  a  gfttlir  eMit  of  higii  ItaA  la  collected  . 
in  the  polar  regions,  tlie  oold  will  aafOMMMf  md  the  same  imk  will  \m  \ 
ptodamA'Whm  tiMM  it  more  tea  ^tween  m  im  tlm  tropics ;  while*  on 
tlMMMiy^tDiilWnaatbeaNtoWMliiiMM  I 
gywiif.  (Baa  Miyt  PL  L  fetjagfr  l»0.)  If  thli  be  iiwitud,  II  witt  fcBwfp  | 
liial  tmliag  the  a^pMfaiat  inafaaHtiw  of  tha  aarth .  h»  faa4  tadptmnmtk  I 
iliaia  moai  ba  aaiaik^odiag  iliwtaaiiaiia  in  tha  aoaa  laiiaralHia  of  avoQr 
Bovai  and  Ihai  thaaUaataof  onaani  aaa  aa  Mpa  ha  a  tjrpa af  mmf 
oihitt  than  ia  ona  of  oar  Snv  aaaaaaa  of  all  iha  Mai. 

II  faaa  haaa  waU  aaidt  lhal  iha  aartb  k  aoaaiad  by  OA  oaaast  is  lha 
Bii4il4if  whiah  aia  iwo  fiaal  ulaifia,  aad  miqr  wmtjlm  oaaa ;  lor  lha 
whole  of  lha  aoaliaaali  aid  ialanda  occupy  an  avaa  aaaraaly  amedmg 
one-fourth  of  the  whole  superfieies  of  the  spheroid*  Now,  on  a  fair 
estimate  of  probability,  wc  may  reasonably  assume  that  there  will  not,  at 
any  given  epoch,  he  more  than  about  ouL-fourth  dry  land  m  a  paruciiiar 
rei^ion  ;  such,  for  example,  ai>  wiliaii  Uio  arctic  and  antarcuc  circles.  If, 
ihercfure,  al  present  there  should  happen,  in  the  only  one  of  these  regions 
which  we  can  explore,  to  be  much  more  than  this  average  proportion  of 
land,  and  some  of  it  above  five  thousand  feet  in  height,  this  nlonc  o^Turdl 
groutul  for  concluding  that,  in  the  present  state  of  tilings,  the  mean  heat 
of  the  climate  is  below  tliai  whicli  the  earth's  surface,  in  lis  more  ordinary 
state,  would  enjoy.  This  presumption  would  be  heigh tened»  were  we  la 
assume  that  the  mean  depth  of  the  Atlantic  and  ftaifia  Oceans  is  as  great 
m  MaM  aitioiMNMn  hata  imaginadt't  fiit ite «•  Mighilaoh M OMiif 

,  *  A  Ihll  eoBsideraUon  of  the  effi^t  ^ehanges  ia  pkyriial  gnpaphf  oa  Iki  tfrti^ 
tation  and  extinction  of  speciM,  it  given  in  Book  III. 

t  See  Young's  Nat.  Phil.  Lect.  xlvii  ;  Mm.  Somnrville'a  Connex  of  Phyt.  Sci. 
•ect.  14.  p.  110.  Laplace,  endenvouriiiL';  tn  rsiuuLitr  tlu-  probable  depth  of  tlie  sea 
from  aume  of  the  phenomcoa.  uf  tiic  tidei,  says  of  the  ocean  generally,  *'  que  sa  pro- 
fendtu  moyeaae  sst  da  nlms  erdie  q«e  la  haetow  mojenne  des  costfnaas  et  dea 
Wit  III  'iinii  It  iim  irlmii  hiiilimr  pi  m  txtrpmt  pas  aims  wtUsi  (Wrffl  A 
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for  Mn  Am  tmhdttidi  m  la  tU  ftigU  moii^  U«t  for  mlw  ^  gml. 
4iepik»  whidi  eoidd  9ot  xeidUjr  be  Mitoed  to  Hm  fvmiiif  point  Tli» 
MM  opinion  m  confinxied,  wlien  we  compare  the  quantity  eJf  land  lyiog 
between  the  poles  and  the  dOth  parallels  of  north  and  south  latitudes,  with 
the  quantity  placed  between  those  parallels  and  the  equator  ;  for,  it  is 
clear,  that  we  have  at  present  not  only  more  than  the  usual  degree  of 
cold  in  the  polar  reg^joa,  >m  ai«o  leas  than  the  average  quantity  of  heat 
wuhin  the  tropics. 

Position  of  land  and  sea  which  mie^ht  produce  the  extreme  of  cold  qf 
which  the  earth's  surface  is  susceptible. — To  simplify  our  view  of  the 
various  changes  iu  climate,  which  difiiereot  combinatioos  of  geogmphical 
circamatancea  may  produce,  we  shall  first  coaaider  the  conditions  neces- 
•aij  (or  bringing  ahoat  the  extreme  of  cold,  or  what  may  be  termed  tbo 
wiaiec  of  the  **fmi  jrear,"  or  geologiml  cfclo^  and  alkorwufdif  tbe  eon- 
ditiona  loq^ilo  to  piodaco  tho  onsHnoni  of  bof^  or  Mio  wamnmt  of  tbo 
■amo  jenn 

To  b^fia  with  tbo  noriboiA  bomiephefo*  IM  os  aoppooo  ihofo  biUo 
of  tbo  IlfitiA  ptmnmik  and  of  Sicilyt  wbiob  am  of  oompofitivoly  modom 
origMit  ml  eoolaia  many  foMilobfUe  idoatiflal  with  living  speciea^  to  mb- 
•ido  ogniA  into  tbo  aoa^  fieoia  wbiob  they  bavo  been  raiaod«  and  that  an 
extent  of  land  of  oqnal  area  and  height  (varying  from  one  to  three  then- 
sand  feet)  shonld  rise  up  in  the  Arctic  Ocean  between  Siberia  and  the 
north  pole.  In  speaking  of  such  clianges,  I  sliall  not  allude  to  the  utau- 
ner  in  winch  1  conceive  it  possible  that  ihey  may  be  brought  about,  nor 
ol  the  liuie  required  for  their  accomplishmeai^ — reserving  for  a  future  oc- 
casion, not  only  the  proofs  that  revolutions  of  equal  magnitude  have  taken 
place,  but  that  analogous  operations  are  still  in  gradual  progress.  The 
alteration  now  supposed  in  the  physical  geography  of  the  nonhern  regions 
wouki  cause  additional  snow  and  ice  to  accumulate  where  now  there  is 
Qsualiy  an  open  sea ;  and  the  teioporatuie  of  the  gitotor  part  of  Europo 
wonld  be  aomewbat  lowered,  so  as  to  loiomble  more  nearly  that  of  cor- 
iCiponduig  latitudes  of  North  America :  or,  in  othei  words,  it  might  bo 
mwoiaiy  to  tiiTol  about  10°  Iwthif  looth  Mt  order  to  mool  with  tho  aano 

Mec.  Celeste,  Bk.  zi.  et  Sjst*  da  Monde,  p.  254.   The  expression  "  dtt  meme  ordre** 

admita,  in  malhrniatical  lang;uag<»,  of  considerable  latitude  of  significntion,  nnd  does 
not  mean  that  the  depth  of  the  water  below  the  level  of  the  sea  corresponds  i  x  icUy 
to  th**  h<pisrht  of  the  hmd  above  it.  I  hare  endeavoured,  in  ▼ain^  after  consulting 
•treral  emuieut  laaihemAltcians,  ojooong  others,  Frofestor  Airy,  Mr.  Lubbock,  aiul 

Miw  WiMoeH,  to  anife  at  Mine  osneMtn  m  te  the  ahsetane  depth  of  the  oeeso. 

If 7  inlisinaiits  all  sgree  ia  declaring  tbst  ths  hjpoUietieal  data  en  wbioh  the  calea- 
btkms  of  Laplace  necessarily  proceeded  cannot  give  even  an  approximation  to  a 
solution  of  the  problem.    Neither  does  Mr.  Whewell  believe  in  the  alleged  approach 

yTJifnrmity  in  thr  drpth  of  the  orenn,  wbieh  some  hnvf*  wi-^hed  to  deduce  from 

the  Eupp<><^'d  siaaiioess  of  the  jdiSaooct  of  thfl  two  tides  ooeuixing  on  the  saiae  day. 
(London^  Majchy  ldj}5.) 
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climate  which  we  now  enjoy.  No  compeniatioii  would  be  derived  from 
the  disappearance  of  land  in  the  Mediterranean  countries ;  but  the  con* 
traiy*  etnee  ihe  mean  heat  of  the  soil  in  thoM  latitndea  la  probably  far 
above  that  which  woaU  bdoog  to  the  aea,  hy  which  we  imagine  it  to  be 
leplaeed* 

Bat  let  the  eonfigmration  of  the  anrftee  be  ttin  Itarther  varied,  and  let 
eome  large  diatriet  within  or  near  the  tropica,  each  as  Mexico,  with  ita 
moantains  rising  to  the  height  of  twelve  thousand  feet  and  npwarda,  be 
converted  into  sea,  while  landa  of  eqnsl  elevation  and  extent  rise  np  in 

the  arctic  circle.  From  this  change  Uiere  wonld,  in  the  first  place,  result 
a  sensible  diminulion  of  temperature  near  the  tropic,  for  the  soil  of 
Mexico  would  no  longer  be  [lealed  by  ihe  bun  ;  so  that  the  atmosphere 
would  be  less  warm,  as  also  ihe  neighbouring  Atlaiuir.  On  the  other 
hand,  the  whcjlc  of  Europe,  Nurlhern  Asia,  and  Nonh  America,  would 
be  chilled  by  tlie  enormous  quantity  of  ice  and  snow,  thu?  generated  at 
vast  heights  on  the  new  arctic  continent.  If,  as  we  have  already  seen, 
there  are  now  some  points  in  the  fouthern  hemisphere  where  snow  is  per- 
petual down  to  the  level  of  the  sea,  in  latitudes  as'  low  as  central  Eog^ 
land,  such  might  assuredly  be  the  case  thronghont  a  great  part  of  Europe, 
nnder  the  change  of  circumstances  above  supposed;  and  If  at  preaeat  the 
extreme  range  of  drifted  icebergs  is  the  Azores,  they  might  easily  roach 
the  equator  after  the  assnmed  siteratieo.  Bot  to  pursue  the  anbject  atill 
farthei^et  the  Himalaya  mountains,  wKl^  the  whole  of  Ifindostan,  aink 
down,  and  their  place  be  occupied  by  the  Indian  Ocean,  while  an  e4|ual 
extent  of  territory  and  mountaina,  of  the  same  viat  height,  rise  up  be- 
tween North  Gieeoland  and  the  Orkney  lalanda.  It  aeema  difficoli  to 
exaggerato  the  amount  to  which  the  cUmato  of  the  northern  hemiaphero 
would  then  be  coded. 

Bat  the  refrigeration  brought  about  at  the  same  time  in  the  southern 
hemisphere,  would  be  nearly  equal,  and  the  difi*erence  of  temperature  be- 
tween the  arctic  and  equatorial  latitudes  would  not  be  much  greater  than 
at  prciicuL;  for  no  important  disturbance  can  occur  in  the  climate  of  a 
particular  region,  without  its  immediately  affecting  all  older  latitudes,  how- 
ever remote.  The  heat  and  cold  which  surround  the  globe  arc  in  a  stnte 
of  constant  and  universal  flux  and  reflux.  The  heated  an<l  rarehcd  air  is 
always  using  and  flowing  from  the  equator  towards  the  poles  in  the  higher 
regions  of  the  atmosphere  ;  while  in  the  lower,  Uie  colder  air  is  flowing 
back  to  restore  the  equilibrium.  That  this  circulation  is  constantly  going 
on  in  the  aerial  currants  is  not  disputed ;  it  is  often  proved  by  the  oppo* 
alto  course  of  the  clouds  at  different  heights,  and  the  fact  was  farther 
illuatrated  In  a  striking  manner  by  an  event  which  happened  during  the 
present  century.  The  trade  wind  continually  blows  with  great  force  from 
the  island  of  Barbadoee  to  tlial  of  8t.  Vincent;  notwithalanding  whicht 
during  the  eraptioa  of  the  folcano  in  Ihe  iskad  of  Bl  Vmeent,  in  1818, 
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ashes  fell  in  profusion  IVom  a  greal  height  in  the  atmosphere  upoti  Bar- 
badoes.  Thia  apparent  transportation  of  matter  against  ihc  wind,  con- 
6rmed  the  opinion  of  the  existence  of  a  counler-curre  ni  in  llie  higher 
regions,  which  had  previously  rested  on  theoretical  conclusions  only.* 

That  a  corresponiiing  interchange  takes  place  m  the  seas,  is  demon- 
strated, according  to  Humboldt,  by  the  cold  which  !•  iband  to  exiti  «| 
great  depths  between  the  (ropice ;  and,  among  other  prooitv  may  be  men- 
tioned the  maw  of  warmer  water  which  the  gulf  stream  ie  eonstantly 
beariDg  northwards,  while  a  cooler  current  flows fiwn  the  north  aleof 
the  coast  of  Greenkiid  and  LabradoCf  and  helps  to  restore  the  eqniU- 
briom-t 

Cnrrents  of  besTier  and  colder  water  pass  from  the  poles  lewaids  the 
eqaator*  which  cool  the  inMor  parte  of  the  ooean  ;t  io  that  the  heat  of 
the  torrid  Mne  and  the  cold  of  the  polar  circle  balance  each  other.  The 
felngenitioBf  ihersforCf  of  the  polar  regiooe,  residting  (nm  the  suppossd 
alteraUoB  in  the  distribation  of  land  and  sea,  would  be  immediately  com- 
municated to  the  tropics,  and  from  them  its  influence  would  extend  to  the 
aniarcuc  circle,  where  llic  atraosphere  and  ilie  ocean  would  be  cooled,  so 
thai  ice  and  snow  would  augment.    Although  the  mean  temperature  of 
higher  latitudes  in  the  southern  hemisphere  is,  as  before  slated,  for  the 
most  part  lower  than  that  of  the  same  parallels  in  the  northern,  yet,  for  a 
considerable  space  on  each  side  of  the  line,  ilie  mrun  annual  heal  of  the 
waters  is  found  to  be  the  same  in  corresponding  parallels.    If,  therefore, 
by  the  new  position  of  the  land,  the  foriualton  of  icebergs  had  become  of 
common  occurrence  in  the  northern  temperate  soiie»  and  if  these  were 
Inqnenlly  drifted  as  far  as  the  equatort  the  same  degree  of  cold  which 
diey  generated  would  immediately  be  eommnnicated  as  far  as  the  tropic 
of  Capricom«  and  from  thence  to  the  lands  or  ocean  to  the  math* 

j,Tho  fipeedomt  then*  of  the  curcnlation  of  heat  and  cold  from  pde  to  pole 
being  daly  considerad*  it  will  be  er ident  ihat  the  mean  tempevatoie  which 
may  prevail  at  the  aame  point  at  two  distinct  periods,  may  diflbr  iar  moio 
widely  than  of  any  two  points  in  the  same  parallels  of  latitodoi  at  one  and 
the  same  period.  For  the  rangt  of  temperature*  or,  In  other  words,  the 
enrratare  of  the  isothermal  lines  in  a  given  xone,  and  at  a  given  period, 
must  always  be  circumsoribed  within  narrow  limits,  the  climate  ot  each 
place  in  that  zone  being  controlled  by  the  combined  influence  of  the  geo- 
graphical^ pecuiiantied  of  all  oilier  parts  of  the  earth.    Whereas,  if  we 

""S^IMByi^s  Itd^ogi^  Essays,  p.  103. 
f  Ib  ^peakliig  of  the  circulation  of  air  and  water  in  this  chapter,  no  allusion  is 

nnde  to  the  trade  winds,  or  to  irregularitirs  in  the  dirprtion  of  currents,  rfiM«*'d  by 
the  rotatory  motion  of  the  earth.  1  lu  ae  causes  prevent  the  niovtmenta  from  being 
direct  from  north  to  iiouth,  oi^£roin  aouth  to. north,  but  they  do  not  a^ect  the  theory 
of  a  coastaut  circulaUua.  . 

X  See  note  (Vol.  I.  p.  117)"^  the  iasieiriiic  diinsitj  w  sea^walM  in  proportion 
Is  the  degree  of  Qold, 
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compfiTc  the  state  of  things  at  two  distinct  and  somewhat  distant  epocha, 
*  pariicular  zone  rn:iy  i^t  one  time  Ine  under  the  influence  of  one  class  of 
^islurbme;  causes,  and  at  another  lime  may  be  affected  by  an  opposite 
€oml)iHat*oii.  The  lands,  for  cxmmple,  to  the  north  of  Greenland  cause 
the  pres'f  nt  Himnte  of  North  America  to  he  colder  than  that  of  Europe  in 
ihe  same  latitudes  ;  bnt  the  excess  of  cold  is  not  so  great  as  it  would  have 
been  if  the  western  hemisphere  had  been  entirely  isolated,  or  separated 
from  the  eastern  Irke  a  distinct  pllanet.  For  not  only  does  the  refrigera* 
lioB  piodfd  by  GhMnhmd  chill  to  a  certain  extent  the  atmospbere  of 
narthern  and  western  Europe,  bat  the  mild  climate  of  Europe  reacts  also 
>  Qpon  North  Aiiierio«tiiidiiiodmtetUMchaUii|(iiiil«^^ 
polar  tendi. 

T&  letam  to  the  state  of  the  eartfi  «fter  ttt€  dmges  abore  juppwieJ» 
we  iiiQtt  not  Mil  to  4w«ll  on  fhe  impomst  ttflbeli  to  which  t  wido 
pMMo  of  pcvpsiHl  MKvw  wooM  flwt*  ft  fv  ^iAmIiIo  Alt  imriy  ifat 
whole  «ae>  §nm  the  polee  to  te  pndMe  of  <I8^»  wooU  be  inmm  «fcr$ 
fbr  it  k  wen  taiowB  tertte  ittaiedlite  proximity  of  fcmd  it  not  eieemW 
lo  'Hie  ftmetios  end  fncieeM  of  SeM  loSf  ptovfded  iQbcio  he  in  oowe 
pert  of  the  eeme  none  n  eoArient  ^entity  of  glaciers  genenloS  on  0t  neer 
Ihe  lendf  to  oool  down  Ao  eei*  Gsptiin  OconiAiyy  in  We  eoeonnt  ^  tlm 
erotic  regions,  obserres,  that  when  ^  sun's  rays  fall  upon  the  snow 
elad  surface  of  the  ice  or  land,  they  arc  in  a  great  measure  reflected,  with 
out  producing  aay  material  elevation  of  temperature;  but  when  they  im- 
pinge on  the  black  exterior  of  a  ship,  the  pitch  on  one  side  occasionaUj 
hecomes  fluid,  while  ice  is  rapidly  generated  at  the  other.*" 

Now  held  ice  is  alrao»^t  always  covered  with  bnow  ;t  and  tliiis  not  orify 
land  as  extensive  as  our  existing  continents,  but  immense  tracts  of  8ca  in 
the  frifTid  and  temperate  zones,  might  present  a  solid  fturfnre  covered  with 
snow,  and  reflecting  the  sunN  rnvs  for  the  greater  part  of  the  year.  With- 
in the  tropica,  moreover,  w  lie  re  the  ocean  now  predominates,  the  sky 
would  no  longer  be  serene  and  clear,  as  in  the  present  era ;  bat  masses 
of  floating  iee  would  cause  qnick  condensations  of  Tspour,  so  thai  fegi 
end  clouds  would  deprive  the  vertical  rays  of  the  eon  of  Inlf  tiMir  power. 
The  whole  planet,  tlieiefaTOi  would  lecehre ^nttoellj  ft  emellcr  proportion 
of  the  Bobr  influence,  end  tlie  evtemel  emst  would  part,  by  radiation, 
with  eoine  of  the  heel  which  had  been  eeenamlated  in  it,  dnrteg  e  diflbi^ 
entehiieof  tfaeenrfMO.  Thieheet  wonldhediMipnladfaitheepeeeeew^ 
lonnding  onr  etmoepheie,  wlilel^  eeoofding  to  tlie  ealoQlatloiie  of  M*  9W 
tier,  have  e  tempentnie  mneh  inferior  lo  that  of  Ireeitiv  water. 

AAtr  the  geegraphifel  mvelntkm  eboee  eeraaaed*  the  eUnMie  of  ev» 
BoetieHaade  might  be  liioeght  et  taet  lo  ieee»hle  that  of  the  preMtte** 
perMe  tone,  or  perfaape  he  ler  more  wfnliy*  They  who  ahonld  then  hh 
habit  eeeh  email  iaiee  and  eoral  reefe  ee  eie  now  aeen  in  the  Indian  Oeean 

•  Set  flaoKibj  8  Aietie  JUgioas,  vol.  i.  p.  190.  f  lUd.  p.  m 
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mod  8<Hrth  Padfie,  would  woidtr  ibat  soophytei  of  large  Jinwriom  bad 
Mee  baen  so  proHfie  in  their  Mas ;  or  if*  perchance,  they  found  the  wood 
and  fruit  of  the  cocoa-nut  tree  or  the  palm  silicified  by  ihc  waters  of  0ome 
ancient  mineral  springy,  or  encrusted  wlih  calcareous  matter,  they  would 
muse  oij  liie  revoluiiuiis  which  had  amjiluiated  such  eenera,  and  replaced 
them  by  the  oak,  the  chestnut  and  the  pine.  Witfi  f  cju  il  adminiiioM  would 
they  compare  the  skelei  ins  of  their  small  lizards  wiiii  ihv  honea  of  fossU 
allig^ators  and  crfwrodiles  irtnre  than  twenty  feet  in  lengiii,  which,  at  a 
forcKT  eporli,  h-d(\  mult'fplied  bclwcfn  tlic  tropics  :  and  n  lien  ihey  saw 
a  pine  included  in  an  iceberg,  driiied  from  latitudes  which  we  now  call 
temperate,  they  would  be  astonished  at  the  proof  thus  afforded,  that  forests 
had  once  grown  wbtn  nothing  eoohi  be  aeen  in  their  own  tinee  but  n 
wilderness  of  snow. 

U  the  reader  heettate  to  euppoee  f o  eitensive  an  alteialion  of  tempen^ 
ture  as  the  probable  coneeqoeoce  of  geofiephieal  changes,  confined  to  one 
bMBiipberet  he  ahoald  remeinber  how  great  are  the  load  anonalice  in 
elimam  now  raraltlng  firoa  the  peeoUer  dietribalion  of  lend  end  eee  in 
neiteni  legione*  Thoe,  inthe  ielend  of  Sooth  Geofgie,  befm  mentioned 
(p«  110),  Oeptein  Cook  lonnd  the  eveilastiof  inown  deeeemdiny  to  the 
level  of  the  een,  between  let.  and  65"  B.;  notieeeor  ahmhe  weieto 
bo  eeon,  and  in  ennuner  e  few  looke  on]j»  eAer  a  pertial  malting  of  the 
ieo  and  anow«  wave  aeantilj  oovend  with  mooe  and  iaila  of  giaia.  If 
aneh  a  elimale  can  now  exiat  at  the  level  of  tlie  eea  hi  a  latitnde  eoftee- 
peodinf  to  that  of  Teiltahiie,  in  apito  of  all  tboaee<ineliiingeanaea  before 
eantnerated,  by  which  the  mixture  of  the  temperatures  of  distant  rcgiuiis 
is  facilitated  throughout  the  globe,  what  rigours  might  we  not  anticipate 
ia  a  winter  generated  by  llie  truusler  of  iha  mouiiiains  of  India  lu  uur 
arctic  circle ! 

But  we  have  still  to  eontemplatc  the  additional  refrigeration  wiiich 
mill  fit  he  eflpcted  by  chanf^es  in  the  relative  position  of  land  and  sea  in 
tiie  southern  iiem is [ilicre.  If  ilir  remaining  coalmenls  were  Iruiisferred 
from  the  equatorial  and  contiguous  latitudes  to  the  south  polar  regions, 
the  intensity  of  cold  produced  might,  perhaps,  render  the  globe  unin- 
habitable. We  are  too  ignorant  of  the  lawa  govemiug  the  direction  of 
subterranean  forces,  to  determine  whether  inch  a  criiia  be  within  the 
limits  of  possibility.  At  the  same  time,  it  may  be  observed,  that  no  dia- 
tiibation  of  land  ean  well  be  imagined 'more  irregniar«  or,  as  it  wara» 
enprleiona,  than  thai  whieh  now  pievaila ;  for  at  ptaeent,  by  drawing  n 
line  in  a  partiealar  diraetiooy  the  globe  may  be  divided  into  two  equal 
porta,  in  andi  a  manner^  thai  one  hemiaphere  ahall  be  entiraly  oovered 
with  water,  with  the  ezeeption  of  aomo  pionMmtoriae  end  ialanda»  while. 
Ike  olharehan  eonlnin  leaa  walar  then  land ;  and*  what  ia  atill  more  extniF 
ordinary,  on  comparing  the  extmtropieal  lande  in  the  northetn  and  aonthem 
heauapheiea,  the  lande  in  the  noflhem  aie  fonnd  to  be  to  thoae  in  the 
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tiHitBi  ittilhi^  propOHUi  ti  tUttoim  lo  elit  !•  T»fangllMidl1kil«iidi» 
iSnmfm^  is  Ugh,  and  ill  iIm  «•«  in  low  klitdbt,  m  dJimntod  Itt  iIm 
•Doexfed  pitia  (PL  L],  iHMld  loircely  bt  m  mm  ■■oiit<l  M»  of  fkm 

furface. 

PosUion  of  land  and  aea  whhh  might  give  rise  to  the  extreme  of 
heat. — -Let  us  now  turn  from  ilie  cotitemplaiion  of  the  winter  oi'  ihe' 
**  great  year,'*  and  consider  the  opposite  train  of  circumstances  which 
would  brinp  on  ihe  spring  and  summer.    To  imagine  all  the  huids  lo  be 
collected  together  in  cqiialorinl  laiiUidcg,  and  a  few  promonlories  only  lo 
project  beyond  the  tiiirtieih  parallel,  as  represented  in  the  annexed  map 
(Fig.  1.  Pi.  L),  would  be  undoubtedly  to  suppose  au  extreme  result  of  geolo- 
gic^ dmife.  But  if  we  consider  •  am  ajiprozimttion  to  such  a  state  of 
things,  it  would  be  sufficient  to  cause  a  general  elevation  of  Itapcratura. 
Nor  can  it  be  regudad  as  •  visionary  idea,  that,  nnidil  Um  ktoIuuinmi  of 
thn  MTlh'a  raffaea,  the  quantity  of  land  should,  at  certain  periods,  hnvn 
baen  almnltaoMMalj  iaaaaned  in  iha  wkimtf  of  both  tha  polci»  smI 
ineinaaed  wiihin  the  tfoplea.   Wa  nnal  laeallaet  thai  am  now  it  to 
Hawaaiy  lo  aaeand  to  tbe  baighl  of  fiAaan  lliouaand  feat inUio  Amdm 
radar  tholina^  and  in  tlw  Himalaym  oMintaina,  whliifa  ato  whbraL  tho 
tmpi8»  lo  aavonlaan  Ihooiand  ftatt  bafoia  wo  naah  iba  limil  of  patpolual 
Bnow«  On  tha  norlliam  alopa*  indoad*  of  Um  Hunla^  tangit  whoto  tho 
kbal  tadiitod  fimn  a  greal  oontiDenI  modarataa  tlia  ooMf  ihara  am  mo* 
dowi  and  cMnM  land  ol  an  oknratlott  ofoal  lo  iba  height  of  Mont 
Blanct  If*  diMt  Ibaio  wnoiio  arede  hmda  to  chill  the  atmosphere,  and 
freeze  the  sea,  and  if  the  loftiest  chains  were  near  the  line,  it  seems  rea- 
sonable to  imagine  thai  the  highest  mountains  niiglii  be  clothed  a 
rich  vegetation  to  their  summits,  and  that  nearly  all  signs  ui  frost  would 
disappear  fruai  the  earth. 

When  the  absorption  of  the  solar  rays  was  in  no  region  impeded,  even 
in  winter,  by  a  coat  of  snow,  the  mean  heat  of  the  earth's  crust  would 
augment  to  a  considerable  depth,  and  springs,  ^Thich  we  know  to  be  in 
general  an  index  of  the  mean  temperature  of  the  climate,  Mould  be 
warmer  in  all  latitudes,  'i'tiu  waters  of  lakes,  therefore,  and  rirerat 
woukl  be  much  hotter  in  winter,  and  would  be  never  chilled  in  sumiaor 
hf  malted  snow  and  ioa.  A  remerkaUe  uniformity  of  aHmata  wonld  pn» 
▼aii  amid  the  anhipahigos  of  (bo  tamp^te  and  polar  rwiaMiai  wbara  iha 
tapid  walaia  of  aqdatDftal  antrents  woald  ftoely  eirculate.  Tbo  general 
hnmidity  of  Ibo  mnwaj^haio  wonM  to  aiopd  thai  of  iha  f  taaani  p<tkrf» 
Ibr  Imnomad  baal  would  prannia  afaponthm  In  all  pttta  of  iha  glohow 
Tho  winda  woohl  baiiatbaaM  in  lhair  poii«go  over  Iho  li^plaal  piahM, 
and  wooUlhon  gpOMr  moiatmo  fram  tha  ioHboa  of  thadaap»  liii»ahaigad 
with  foponry  th^  aniead  at  axtrano  northam  and  aanthatn  lagionii  nai 

*  HumHoldt  on  l^nlhrrTTtal  Line's. 

t  Humboldt,  Tableaux  de  la  fiatore,  torn.  i.  p.  lUk. 
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there  encomilering  a  cooler  atmosphere,  discharged  their  burden  in  warm 
ram.  Iff  during  the  iong  night  of  a  poiar  winter,  the  snows  should 
whiten  the  summit  of  some  arotie  islands,  they  would  be  dissolved  as 
rapidly  by  tht  ntnnuiif  mui»  m  an  mmn  pf  £tM.by  Um  kl§t$B 
of  the  sirocco. 

We  loam  fro«  ihoM  who  have  stndiad  Ibo  gMgw^hkri  dklittNilMS  «f 
plants,  thai  ia  vaiy  low  ]aliladef«  at  fmaent,  the  TCfitation  of  flmU 
islaoda  lemote  firom  continenla  hm  a  paeoliw  eharaaltr;  the  fame  aad 
dlied  teiliaa,  ia  paitieiilart  baaiiBg  a  gnat  pio|^^ 
of  other  plaati.  Other  eimmstapaaa  being  the  aane«  the  moie  mmli 
the  iaiee  afe  imn  the  eaotineBta,  the  greater  doea  this  propevtioB  haaawn 
Thaa,  in  the  eoetiaenl  of  Iiidia«  and  the  tropical  parte*  of  M  v  BeUaadt 
the  proportioB  of  ferae  to  the  phMogameoa  pbnia  ia  only  aa  one  to 
twenty-six ;  whereas,  ta  the  Seoth^a  blaiida,  it  ia  ae  one  .to  tar,  or 
even  as  one  to  three.* 

We  might  expect,  therefore,  in  the  sumnaer  of  ihe  "  great  year,"  which 
we  are  now  considering,  ihai  there  would  be  a  predominance  of  tree-ferns 
and  plains  allied  lo  palms  and  arboret^cent  grasses  in  the  islands  of  the 
Wide  ocean,  while  the  dicotyledonous  plants  and  other  forms  now  most 
common  in  temperate  regions  would  almost  disappear  from  the  earth. 
Then  might  those  genera  of  animals  return,  of  which  the  memorials  are 
preserved  in  the  ancient  rocks  of  onr  cootinenta.  The  huge  iguanodon 
might  reappear  in  the  woods,  and  the  ichthyoeamr  ia  the  sea,  while  the 
pterodactyle  might  flit  again  throagh  ambrageoas  groves  of  tree-fema* 
Coral  reefs  might  be  prolonged  onee  more  beyond  tJie  arctic  circle,  where 
the  whale  and  the  narwal  now  abound;  and  droves  of  turtlee  might  wan* 
dar  again  throagh  regiona  now  tenanted  by  the  walraa  and  the  aeal* 

Bat,  not  to  indulge  too  far  in  theae  speculations,  I  may  obeerre,  in  con- 
dosioot  that  however  great,  during  the  lapse  of  ages,  may  be  the  vieisai- 
todee  of  temperaturo  in  every  zonoi  it  accords  with  this  theoiy  that  the 
general  dimaie  ahoold  not  experience  any  sensible  change  In  the  couiae 
of  a  few  thousand  years  ;  because  that  period  is  insufficient  to  affect  the 
leading  features  of  the  physical  geography  of  the  globe.  Notwithstanding 
the  apparent  uncertainty  of  the  seasons,  it  is  found  that  the  mean  tem- 
perature of  particular  localities  is  very  constant,  when  ubservalions  made 
for  a  sufficient  series  of  years  are  compared. 

Yet  there  must  be  exceptions  to  this  rule,  and  even  the  lubonra  of  man 
have,  by  the  tiraiiiafre  of  lakes  and  marshes,  and  the  felliiig  of  extensive 
forests,  caused  such  changes  in  the  almospiiere  as  greatly  to  raise  our 
conception  of  the  more  important  influence  of  those  forces  to  which,  m 
certain  latitudes,  even  the  existence  of  land  or  water,  hill  or  valley,  lake 
or  sea*  moat  be  ascribed.  If  we  possessed  accurate  information  of  the 

•  Ad  Brongmart,  Conaid.  eMnks  set  k  Mat.  ds  la  V^g^  As.  Ana.  das 
floitn^et  Nat.  Mov.l^ae. 
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ftmonnt  of  had  fluctuation  in  climate  in  the  course  of  twenty  centuries,  it 
would  ofien,  undoubtedly,  be  considerable.  Certain  tracts,  for  example, 
on  the  coast  of  Holland  and  of  England,  consisted  of  cultivated  land  in  the 
time  of  the  Romans,  whirh  the  sea,  by  gradual  enrroarhmeiits,  has  at 
length  occupied.  Hero,  at  Icnst,  li  elii.'ju  alteration  has  been  t'dVciod ;  fur 
neither  the  distribution  of  heat  m  the  different  seasons,  tior  the  mean  an- 
nual temperature  of  the  atmosphere  invMting  the  sea*  is  precisely  the 
same  as  that  whieh  rests  npon  the  laod. 

In  those  countries,  a]so>  where  earthquakes  and  volcanos  are  in  fuU 
letivi^,  a  mueb  shorter  period  may  produce  a  sensible  variation.  The 
dimate  of  the  onee  fertile  plain  of  Malpais  in  Meicioo  most  differ  niateti- 
•Uy  from  that  whieh  jnrevailed  before  the  middle  of  the  last  eentniy ;  for* 
■Inoe  that  time*  six  mountains,  the  highest  of  them  rising  sixteen  hundred 
feet  abovo  the  plateau,  have  been  thrown  up  by  folcanie  eruptions.  It  It 
by  the  repetition  of  an  indefinite  number  of  sueh  local  ieTolutionB»  and  by 
alow  morements  extending  simultaneously  over  wider  areas,  ss  wUl  be 
aiWrwards  shown,  that  a  general  change  of  dimate  may  finally  be  bmigbt 
about 


CHAPTER  VIII. 

fARTHER   EXAMINATION  OF    THE  QUESTION  AS   TO   THE    DISCORDANCX  Of 
THE  ANCIENT  AND  MODERN  CAUSES  OF  CHANGE. 

Whether  the  geographical  features  of  the  northern  hemisphere,  at  the  period  of  the 
depontioik  of  the  oldest  fosiilifisfoos  itiatSy  were  such  ajs  might  liave  given  riae  to 
«D  eztremcly  hot  elimate— State  of  the  sarfliee  when  the  grey  wack^,  or  tnmsitfon 
fimnatioiui,  ori|^Bated-^tate  of  the  stme  when  Uwmoiiiitaia  limeitoiiet  ml  lani 
■tones,  and  coal  were  deposited  (p.  135.)— Changes  in  physiealgtogiaphy,  between 
the  carboniferous  period  and  the  chalk — Abrupt  transition  from  the  wcondary  to 
the  tertiary  fossils  (p.  137.) — Accession  of  land,  and  elevation  of  inountain  chains, 
after  the  consolidation  of  the  secondary  rocks — Explanation  of  Map,  showinrr  the 
area  covered  by  sea,  since  the  commencement  of  the  tertinrv  prrind  (p  i  n  ) — 
Reaiaiks  on  the  theory  of  the  diminution  of  central  heat  ^p.  iio.) — AtLronomical 
cansei  of  floetutaoas  hi  elunate  (p.  147.) 

Whether  the  geographica!  feaiures  of  the  northern  hemisphere,  at  the 
period  of  the  deposition  of  the  oldest  fossiliferou.s  strata,  were  such  a$ 
might  have  given  rise  to  an  extremely  hot  climate. — In  the  sixth  chapter, 
I  stated  the  argumeutd  lierived  from  organic  remains  for  concluding  that 
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the  mean  annual  lemperalurc  of  ihe  nnrtluTii  hcrmaphere  wa«' ronsiderahly 
more  elevated  when  the  ancient  carboiiiferous  ^^l^■1tn  werr  deposited  ihnn 
it  18  at  present  ;  n«?  also  that  thcfliinalc  had  liccn  modified  more  lhanonce 
fiinre  that  epoch,  and  that  ii  iiad  been  reduced  by  successive  changes 
more  and  more  nearly  to  that  now  prevailing  in  tlie  same  latitudes.  Far- 
iber,  I  endeavoured,  in  the  last  cha|Mer,  to  prove  thml  TMissttQdea  in  cli- 
male  of  no  \em  iaporlam  may  be  ezpeeted  to  ivrar  in  ftitore,  if  it  be 
.•dated  that  evamt  now  active  in  nature  have  power,  in  the  lapse  of 
•gMy  to  prodwce  mmMaakHe  variations  in  the  relative  position  of  land 
and  Mt«  It  IMMIM  to  inquire  whether  dw  aHentiaiw,  wbteh  the  gooto> 
girt  ein  prm  to  baf«  MliHrf^  iflAifi  jrf0e»  «t  ib^^  diega^ 
gi^hkal  ftalnm  of  tito  northcm  lieniiapliti8«  eoioeide  in  tlieir  nntnitp 
nd  in  die  linto  of  iMr  oMnmnca^  with  sneli  mdnliona  in  dlmnle  m 
wonld  nitonUy  havt  MMltod*  tceuding  to  Ihn  matoowdogical  jvindplM 
•kradj  «iplaiiied* 

Tito  oldaet  lyttoni  of  roeks  wbMi  i4M  by  iSbmr  organic  mmnint  anjr 
daeisifo  OTidenee  aa  to  aUmate,  or  tlto  fimar  poaitiim  of  land  and  aaa« 
ate  tliose  generally  kaowii  aa  the  ifWudUm,  or  grmfwaeki,  fonaatibiia* 
These  have  been  found  in  England,  France,  Germany,  Sweden,  Russia, 
and  ulher  parts  of  central  and  norllicrii  Kuropc,  as  also  in  Oie  ijreai  Luke 
district  ol  Cmiada  and  tiie  United  States  ;  and  they  iijjpear  lo  huvu  been 
deposited  in  a  sea  of  considerable  extent.  The  fossils  have  been  regarded 
by  many  naturalists  ns  indicating  a  greater  uniformity  in  the  ppecies  of 
marine  animals  inhabiting  the  sea  at  that  early  period  tlian  would  now  be 
found  to  prevail  in  a  similar  extent  of  ocean.  The  number  and  maijtiitiule 
of  the  raultilocuhir  or  chambered  univalve?,  and  of  tlie  corals,  obiaiiKul 
from  the  limestones  of  this  group,  recal  the  forms  now  most  largely  de- 
veloped in  tropical  seas.  Hitherto  few  vegetable  remains  have  been 
aoiiced,  but  aoeh  as  ara  mantionad  araaaid  to  agiae  more  nearly  with  the 
planto  of  the  carboniferooa  ara  than  any  otbar»  and  wanld  tharaftno  inpij 
m  tropical  andliaoiid  atmo^ patera.* 

Carbmiiferow  gnvp.—ThiB  gmp  conaa  nasi  In  the  oidar  of  aneeaa* 
•ioot  andona  of  ita  primapal  mambaia,  tlia  mountain  liaiaatona«  waa  en- 
dandy  a  marine  fonnationt  as  ia  ahown  by  the  ahella  and  oorala  which  it 
oontaina.  Tlial  the  ocean  of  tltat  period  waa  of  eonaidarable  eitent  in 
onr  latatndaBy  we  may  infer  from  the  eontinniiy  of  these  aateareona  atrato 

*  Mr.  Mnrchiton,  dartag  his  fatTBStigptiooa  of  the  Eoglish  and  Welsh  transition 

rt^rks,  has  not  met  with  any  vnjrptablo  rornfiins  of  land  plants  ;  but  MM.  Flip  de 
iJ'  rmmont,  V'irlet,  and  de  la  Beclic,  have  [xmued  out  places  where  ibey  occur  in 
inen)l)t*rs  uf  that  series.  Mr.  Weaver  also  lormcriy  supposed  tliat  the  coal  and  coal* 
plants  of  Monster,  in  Ireland,  belonged  to  the  transUkm  rocks ;  bat  he  has  lately  re- 
tiMlsd  Usopiatoa,aii4  Mtovtsthafc  lbs  eed  aad  flsatsaUaM  tooosar  ia  the 
esiboaUbffsas  sefies* 
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•ftr  1ng»  MM  HwMtte  group  i^miim^hmmktmimmitWi/t^ 
#nly  OMMgli  ditftmt  pam  «r  Bmp»  bvl  tito  is  Nwiii  AiwiWb 
lowar^  ibe  boiden  of  Um  afolia  im.* 

Tli«  coal  itself  is  admilted  to  be  of  TOfetable  origin,  and  ib^  atnte  of  tbc 
plan  Us,  and  the  beautiful  preservation  of  their  leaves  in  the  accompanying 
shales,  precludes  the  idea  of  their  having  been  lloated  from  great  distances. 
As  I  lie  species  were  evidently  terrestrial,  we  mnsi  suppose  thai  some  drf 
laiit]  was  not  far  dist  iiu  ;  and  this  opinion  is  confiriTied  by  the  shells  found 
in  some  strata  of  ilie  Newcastle  and  Shropshire  coal-fields.t  These 
sheds,  w  hirh  nre  cliiully  found  in  the  upper  roa!'mPS"?iir(  i*,  :ire  referable 
to  freshwater  genera,  and  lived,  perhaps,  in  lakes  or  small  e^iuarie?. 
There  are  some  regioM  in  the  northern  parts  of  England  and  iScotianJ 
vbm  the  manna  moamwn  limestone  alteriiatM  with  strata  eoaMiivif 
Mtl*  8«ch  an  atiaiigmnaiii  of  the  bads  taay  poasibly  have  been  pro- 
duced by  the  alternate  fitiiif  and  sinking  of  large  tracts,  which  vaaa  iial 
laid  dffyt  and  then  sttbaaiiad  tfito.  Tha  ImA  of  Ibat  pariod  appeaia  la 
liava  eonsistad  in  part  of  gmillic  roeba»  tba  vaaia  of  whkAk  mmf  htm 
pfoibead  tha  aoaiaa  aandatooaat  aiali,  far  a»aiBpla«  aa  tba  wHalaaa  giit» 
Yokaaic  roakat  bMpesart  wm  nat  waailagf  aa  in  flaadawii  Ibr  auapla^ 
in  Ota  piasaat  baaiaa  «f  tba  fMi  and  Tajt  vhait  lli^r  aaani  to  hmn 
baao  parnd  oyi  ao  cba  botiM  of  tb»  aaa  diiriif  4ba  aennilatipn  of  At 
oaiboolfiMMMa  airalOt 

Tba  arrangemavl  of  tba  aaoJatanoa  aod  Ailna  in  tbis  group  baa  beao 
Ibooght  by  some  geologists,  as  by  bIM*  flmabaiy,  Boo^  ipd  Axlolphs 
Bfoogniaitt  to  fatoor  tba  hypotboNo  of  tbo  attaia  baving  reaoltad  froai 
tba  waste  of  small  blands  plaead  la  fOwa»  and  fbnmag  the  highest  points 
of  submarine  mountain  chains.  The  disintegration  of  sueh  clusters  of 
lllaauis  jnight  produce  around  and  between  lliem  dclaclieil  deposits, 
which,  when  subsequently  raised  above  the  waters,  mi^^lit  resenUdc  the 
strata  formed  in  a  chain  of  bkes;  for  the  boundary  height*  ol  Fueh  ajipa- 
rent  lake-basins  would  be  loriiied  of  the  roeks  ouce  consliiuiing  ihe 
islands,  and  ihey  might  suU  continue,  after  their  elevaUon,  to  preserve 

*  It  appeu-K  from  the  observstions  of  Dr.  Aicbardson,  made  duriog  the  ej(p«ditioii 
oader  the  esoimand  of  Captabi  FnnUia  to  tba  aoitb-west  egast  of  Aowiisa,  and 
ftmn  tbe  spsefaBens  presented  by  bfan  to  tbe  Oeokgiesl  Boefetj  of  Loodoa,  that, 
between  panllels  of  60°  and  7(y>  north  hiiltudc,  there  is  a  great  calcareous  Am* 
at! on,  stretching  towards  the  mouth  of  the  Mackenzie  river,  in  which  are  included 
©or<i!liiif»n,  f>rr»ductip,  lerehrntnlff*,  &r.  having  a  c1o«p  affinity  in  «r»»nf»r}r  rhnracter  to 
those  ul'  our  mountain  Itmeiituat',  cf  w  hich  the  oTnup  been  oons^nicti d  tlie  equi- 
valent. There  is  also  in  tiie  name  region  a  newer  series  of  strata,  in  which  ate 
shaiss  wilb  faapmvioas  ef  ftms,  lepidodsadnas,  aad  eibst  sefsoikles,  aadafaa 
aanaewHes^^sendiiys  <{f  Ossl.  Am.  9o.  T,  p.  tt.  Mmk,  IttBL 

»  Ise  Mr.  W.  Hatlin,  Wm,  fbiaer  QMatMl.  Pssftos,  aad  Ifr.  MawblBio^ 
papscs  ea  flhrspiUia,  mo* 
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thsir  niMim  wufmothj  of  height,  add  loMinoitad  lira' MwtrtlnteoB 

Thm  ite  ii  akd  CMfiraMd  by  the  opinf«ii  of  many  botanists  who  hav6 
studied  with  care  the  Testation  of  the  carboniferous  period,  and  who 
declare  that  it  possesses  the  character  of  an  insnlar  flora,  such  as  might 
be  iooked  fur  la  islands  scattered  ihroagh  a  wide  ocean  in  a  tropical  and 
humid  climate. 

There  is,  as  yet,  no  well-authenticated  instance  of  the  remains  of  a  sau- 
rian animal  Imving  been  found  in  a  member  of  the  carboniferous  series.t 
Now  I  he  Urger  oviparous  reptiles  usually  inhabit  riven  of  constderabU 
size  in  warm  latitudes  ;  and  had  crocodiles  and  other  animals  of  that  dan 
been  abundant  in  a  fossil  state,  as  in  some  of  the  netrar  aecondairy  forann 
tions,  tve  diQsl  hava>  inferred  the  eiistence  of  rivf la^  which  could  only- 
have  drained  large  tracts  of  land.   Nor  have  tlie  boiiaa  of  any  tonaatrial 
nMMlia  r«#anlail  oor  inrestlgations.   Thair  absence  may  bo  regarded 
kf  toifta  gaologialB  aa  conoborMing  the  ihaoff  of  the  non-ezinanee  of 
lha  higher  oidara  of  ammda  in  the  aaittar  agwc  hot  the  oirevoistaiico 
niy,  perhapa,  be  oomiofttad  with  the  geogra|>hl«ftl  eondhion  of  the 
vdrihem  hemiephara  at  that  lima  3  for  it  li  a  general  ehaiaatar  of  anall 
■daada  raoioia  ffom  conHntntay  to  be  altogether  deatltule  of  land  qaadm* 
peds,  except  aoeh  ae-  appear  to  have  been  conveyed  to  them  by  man. 
Kerguelen*s  land,  which  is  of  no  inconsiderable  size,  placed  in  lat.  49° 
20'  ft.,  a  parallel  correspondiiifr  to  that  of  the  Scilly  isliuids,  may  be 
cited  as  an  example,  as  may  all  ilie  groups  of  fertile  islarids  in  the  Pacific 
Ocean  between  the  tropics,  where  no  quadrupeds  have  been  found,  exrcpt 
the  dog,  the  hog,  and  the  rat,  which  have  probably  been  brought  to  them 
bv  the  natives,  and  also  bats,  which  may  liave  made  their  way  along  the 
chain  f)f  islaruls  extending  from  the  shores  of  New  Guinea  far  into  the 
iOtithem  Tacitic.:;    Even  the  islands  of  New  Zealand,  wliu  h  may  be 
compared  to  Ireland  and  Scotland  in  dimensions,  appear  to  possess  no 
indigenous  qaadtupeds,  except  the  bat ;  and  thia  becomes  the  more 
itrikingf  when  we  recollect  that  the  northern  extremity  of  New  Zealand 
itietchee  to  latitude  34^,  arhera  the  warmth  of  the  climate  flrast  greatly 
ftvoor  the  pfolifiedevelopaieDt  of  organic  life. 

80,  far,  then,  the  examination  of  the  phenomena  exhibited  by  the  grey- 
waeki^  and  earboniferoos  groapa  accord  watt  with  die  pretakiice  of  atich 
a  slate  of  phyaieal  geography  hi  the  nordiem  hemisphere  as  would  have 

*  See  some  ingenious  fpeculations  to  this  effect,  in  the  work  of  M.  Ad.  Brong> 
nisrt,  CooiUi  OMfilea  sov  la  Mat  da  la  V^eu,  &e.,  An.  dm  Bei.  Mat  Nov. 
taae* 

f  The  sapposed  saariiai  tMth  foond  by  Dr.  Hibb«rt  in  the  carboniferotis  limestone 
of  Bardie  Ilotise,  imnt  Edinburgh,  have  siaoe  beta  okarly  vsibnad  bj  Ut,  Agassis 
tdsiaroidal  fich. 

t  Priebard's  Fhys.  Uist.  of  Man,,  roL  i.  p.  75. 
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ftven  Hm  Io  a  hot  and  unlfonn  eliinate.  The  lalNUiaaoat  aspect  of  the 
igneous  produets^Uie  eonlinuttjr  of  marijie  depoiils  over  vast  epeceo 
the  baaio-thaped  ditpoiition  of  the  fragmentary  roeka— 4he  inaular  eha« 

racter  of  the  flora — the  absence  of  large  fluviatile  reptiles  and  of  land 
quadrupeds, — all  coucur  lo  C8lablish  the  fact  ot  the  northern  hemisphere 
having  been  pervaded  by  a  great  ocean,  interspersed,  like  the  south 
Pacific,  with  binaii  islets  or  lands  of  moderate  dimenaioDS,  and  wnh  insu- 
lar or  submarine  volcanos. 

Chari  freH  in  plu/sical  geography  between  the  formalxon  of  the  carbo- 
niferous strata  and  (he  chalk. — Wo  have  evidence  in  England  that  the 
strata  of  the  ancient  carboniferous  group,  already  adverted  to,  were,  in 
many  instances,  fractured  and  contorted,  and  often  thrown  into  a  vertical 
poeitiotf  before  the  depoeition  of  aome  of  the  newer  aecoodary  rooka»  aueh 
as  the  new  red  sandstone. 

Fiagmeois  of  the  older  formations  are  sometimes  indnded  in  the  eoo- 
glomeratea  of  the  more  modern;  and  some  of  these  fiagments  still  retain 
their  ^fosail  ahells  and  corals,  so  as  to  enable  us  to  determine  the  pareol 
rocks  from  whence  they  were  derived.*  There  am  other  prooft  of  th* 
disturbance  at  sueeessive  epoehs  of  different  secondary  rocks  before  the 
deposition  of  others;  and  satisfactory  evidenoe  thatt  during  these  reitetated 
oonmlsions,  the  geographical  features  of  the  northern  hemisphere  wero 
frequently  modified,  and  that  from  time  to  time  new  lands  emerged  fimn 
the  deep.  The  vegetation  during  some  parts  of  the  period  in  question 
(from  the  lias  to  the  chalk  inclusive),  appears  to  have  approached  to  that 
of  the  larger  islands  of  ihc  etiiuiiorial  zone;  such,  for  example,  as  we  now 
find  in  the  West  Indian  archiptlago.t  These  islands  appear  to  have  been 
drained  by  rivers  of  considerable  size,  which  were  inhabited  by  crocodiles 
and  gigantic  oviparous  reptiles,  both  herbivorous  and  cnrnivoroiis,  beloncr- 
ing  for  the  most  part  to  extinct  genera.  Of  the  contenipomry  inhabitants 
of  the  land  we  have  as  yn  acquired  but  scanty  information,  but  we  know 
that  there  were  flying  reptiles,  insects,  and  small  mammifera,  allied  to  the 
oppossum. 

When  describing  the  Wealden,  one  of  the  upper  members  of  the  great 
secondary  series,  and  evidently  of  ireshwater  origin,  I  shall  point  ont  tho 

*  Thus,  for  example,  on  the  bulks  of  the  Avon,  in  the  Bristol  coal-field,  the  doh^ 
oitic  congloinornlp.  a  rock  of  iin  aj^e  interraediate  between  the  rrirboniferous  series 
and  the  Mas,  rests  on  the  truncati d  c  djrrs  of  the  coal  and  mountain  limestone,  and 
contains  roiled  and  angular  fragments  of  tliat  limestone,  in  which  its  characteristic 
noantaiii-UniMtone  fiMsUs  are  seen.  For  aoeacate  sectioDs  illustrating  the  disturb* 
■noes  which  rocks  of  Hw  caibooiferoiis  aeries  aadsnvent  befote  the  Mwer  led  sand* 
stom  was  fiMrmed,  the  readier  should  consult  the  admiiable  saeiiioir  of  the  south- 
weateni  coal  district  of  England,  by  Dr.  Buekland  and  Ifr.  Coojlioaro,  Geol.  Tiana. 
vol.  i.  second  series. 

\  Ad.  Brongniart,  Consid.  GtofaJes  sur  la  Nat  do  la  Wigii.^  &o.  Ana.  dos  ScL 

Nat.,  Not.  im 
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Teasona  which  incline  me  to  believe  that,  whcu  lUost!  elraia  origitialeJ,  a 
large  contincm  ;uivanccd  very  near  to  iht  bpact  now  occupied  by  the  fioulb-* 
eastern  exiremiiy  of  Kugland.  A  river,  equai,  perhaps,  in  size  to  tlie 
Gan}/e$i  or  the  Indus,  seems  to  have  coniinued  lo  puur  us  lurbiU  w^t«y[fi 
for  agtsi  iuio  the  sea  in  those  latitudes,  at  the  period  referred  to.* 

It  might  at  first  appear,  that  tfu*  position  of  a  continent  so  far  to  the' 
noi  ih,  as  ihe  coumie^^  of  Surrey  and  Sussex,  at  a  lime  when  the  tnc&ll 
temperature  of  the  clima^  is  euppoaeil  to  have  been  mueh  holier  than  a$i 
present,  ia  inconsistent  with  the  theory  hrfnrn  ftipliianit  jhiil  thn  heal^ 
was  caused  by  the  gathering  together  of  aU  the  grtai  masses  of  lan^ia 
low  latitudMt  wyie  the  ppkr  lifioM  «mb  ■knjt^ttireiy  sta^  Bttt  piOn 
Yaded  that  none  of  the  land  was  arctic  or  antarctic,  and  aiaigtt  part  fiS  tW 
oonlinoBif  uitiiifopMv  eontidanible  da? ■tion  of  >  tewpawlnw  m^y  b* 
pMovntd  lo  tmli,  ottn  «bon  Jtifo  oooUoouiol  Inoia  wut  |wiiWn^p>4 
fiooi  Iho  oqoalorial  to  tbo  itmpmto  lona* 

Gkmgtt  duting  tk9  imtm^f  p€mi$^l%  iriU  bo  aom  hoftaAnr.-lbil 
the  Maeotrieht  beds  m  rlowil  aa  tho  oovaal  of  iho  aaaondacy  aoriaait 
and  tlio  Ibaatia  of  tbat  gioupv  inaliidlBg  Iho  lonaioa  of  giganiio.  rapiilaa» 
ndiaola  Ibo  paatalaoao  of  0  vofjr  hoi  diaialo.  Baiwoa»this  uppenoott 
Mmbor  of  tbo  aoooodar^  aariea,  and  tba  oldoat  of  the  nower  class  of  for- 
MtiofM  called  tertiary,  there  is  a  remarkable  discordance  as  to  8pcciei>  of 
organic  remains,  none  having  yet  been  found  common  lo  both,  'i'his 
abrupt  [faubiuoa  I'rom  ona  set  of  fossils  to  another,  is  also  acconi pun ;ed 
by  evident  signs  ot  a  change  of  climuie;  ihe  older  tertiary  species  iiuvmg 
a  far  less  Uopicai  as|»eet  than  those  found  fossil  in  the  aewest  aeooodaiy 
group. 

Nor  are  there  warning  signs  of  a  decided  coincidence  between  ibis 
alteration  of  climate,  and  geD(:rn[)hicnl  cluinges  which  oecnrred  between 
the  formation  of  the  cretaceous  series  and  tiiat  of  tlie  okler  ternary  group4 
On  compariqg  iho  (Oftiary  formations  of  difierent  ages,  we  may  trace  a 
gradual  approximation  in  the  embedded  fossils  from  aa  aiaaniblagA  im 
which  ostinct  speeiaa  piodominate,  to  one  wbaro  Iho  apacies  agiao  Ibr  the 
■oat  part  with  those  now  existing.  In  othor  irofda»  wo  find  o  ffadoal 
loaioaao  of  animals  aod  plaiila  AttadlbroarpBaaaiilolimaies,  in  proportion 
aatboalralawhiehwooiaBinoaaoaiiofoiMidonk  Now,  dsariog  aU  ihaac 
anoeeaalfo  larilafjr  porioda,  than  110  aigna  of  «  graal  incfoaao  o£  laod  iA 
Etavopaoo  kOtodaa.  Bj  tafimneo  to  tho  BMp  (PL  U.),  and  ita  daaerip- 
Ihm,  p.  141,  tho  raadat  wiU  aao  how  gioat  hm  boon  the  phyaioal  aeiw* 
hitiona  whioh  ha?o  ooannod  aineo  tho  ooouDenaaflMat  of  tho  lartiaiy 
pariod« 

■ 

•  See  Book  jv.  chap,  xxiii  t  Ibid. 

t  See  chaps,  xxi.  and  xxu.  Bouk  it.  on  the  period  of  the  elevation  of  the  ehalk  of 
«hsS.E.«fEBfka4. 
YoL. 
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In  ihe  present  slate  uf  Europe,  llic  cJiulk.  and  ns^ociatud  slralu  are  of 
considerable  extent,  and  Konicinm-s  rise  to  the  sununiis  of  lofiy  moun- 
tains. As  all  the  members  oi  iliis  group  contain  alinobl  exclusiv(  ly  n:a- 
rinc  remains,  it  follows  lliat  every  tract  which  they  now  occupy  has, 
sinro  ilieir  origin,  been  converted  from  sea  into  land,  and,  in  some  cases, 
from  deep  son  to  mountains  ai  great  altitude.  We  caniuu  doubt  that  part 
of  the  changes  alluded  to  hnpirened  before  the  older  itriiary  strata  origi- 
naied ;  because  these  last  consist,  in  a  great  degree,  of  the  ruins  of  the 
Mwer  MConUaiy  ioekt{  which  must  therefore  have  beto  raised  and  ex- 
posed to  aqueous  erosion  before  the  derivative  beds  were  formed.  Il  will 
noieover  be  seeo  in  the  fourth  book  (chtp.  iii.),  that  the  seeon&ry  and 
tertiary  formstions*  eoosideied  geoeiellf,  mmy  be  oo&tnsted  as  having 
very  diffeient  characters ;  the  one  sppeiriaf  to  hove  been  deposited  in 
open  seee*  the  other  In  legiooe  where  dry  lendi  Ukes«  heys»  and  pechape 
inlead  eoM,  ebooeded.  The  secoodsry  eeriee  ie  eloMei  eideeivvlj 
fine;  the  lertltry,  even  the  oldest  pertt  eootaias  leeitstrine  ettntit  end  Ml 
UDfreqiieiitly  freshwater  and  marine  beds  sltsraatinfi 

Nowt  the  faete  depicted  in  the  map  (PI.  II.  p.  141],  demonecrate  thai 
aboat  two-thirds  of  the  prseent  Earopeen  lends  have  emerged  slnoe  the 
earliest  of  these  tertiary  groups  origtiiatcd*  Nor  is  thb  the  only  cheafs 
which  the  eame  region  has  nndeigooe  within  tUs  oomperstively  modsi* 
period;  some  tracts,  which  were  previously  land,  having  gained  in  ahi- 
tude,  or,  on  the  contrary*  having  sunk  below  their  former  level,  wiiUio  the 
period  alluded  to. 

The  evidence  that  liiis  rise  of  land  did  not  laku  place  ail  at  the  same 
time,  is  most  striking.  Several  Italian  geologists,  even  before  the  lime 
of  lirocchi,  had  justly  uilerred  that  the  Apennines  were  elevalrd  srvrral 
thousand  feet  above  the  level  of  the  Mediterranean,  before  ilie  cU>iH>giuoQ 
of  the  rectuL  yuljitpeiinine  beds  which  flajik  them  on  eiilicr  bn\v.  AVhat 
now  constitutes  the  central  <  ah  areous  chain  of  the  Apennines  must  for 
a  long  time  have  been  a  narrow  ridgy  peninsula,  branching  off,  at  iu 
northern  extremity,  from  the  Alps  near  Savona.  This  peainsttla  has 
sioec  been  raised  from  1000  to  *4tOOO  feet,  by  which  movement  the 
ancient  chores,  and,  for  a  certain  extent,  the  bed  of  the  eoniiguoae  sea, 
have  been  laid  diy,  both  en  the  elde  of  the  Meditsrraaean  end  the 
Adriatic* 

The  nataie  of  these  vicissttodec  will  be  explamed  hy  the  eccompni^ 
lag  diagramt  whieii  fspiesenis  a  tmisvcree  seetioA  acieee  the  ltalie« 

A 
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peoiMola.  The  inclined  strata  A  ave  tbi  dirtarbed  Sagmliom  of  llw 
Apennines  into  wbjeli  the  ancient  igneous  rocks  a  are  suppoaed  to  bivt 
tended  th— elvea.  At  a  lower  level  en  eafih  teik  of  ibo  ehaiii  m  Iho 
mofo  MOtiit  iMlj  Ma  b  6»  wliieli  oAaa  eoatoiii  vouBded  pabUeo 
dorifod  from  iIm  vaeto  of  oonllgnoot  puis  of  Iko  older  ApaoiUno  liw^ 
otoBS.  Tbeaot  it  will  bo  •etBt  aio  lioriMtal,  aad  Ho  in  what  ia  tataad 
«*iiMoofonMMa  atntifleatioa  '*  oo  tho  moio  Miaiaiit  aarioa.  Tb^  bow 
oonalitalo  a  lino  of  liQIa  of  moderate  olofalMNi  totwaaa  Iho  aaa  and  tfaa 
ApooDioaa,  bot  saver  paaoirato  to  tbo  higlior  and  mora  aodool  valleys  of 
thalebaifl* 

Hm  aame  pheoOBMa  ere  oiUbilad  m  die  Alpa  on  a  mneh  grander 

ecale ;  those  mountains  being  composed  in  some  even  of  their  higher 
regions  of  newer  secondary  formalions,  while  they  are  encircled  by  a 
great  zone  of  tertiary  rocks  of  (iitTereiU  ages,  both  on  their  southern  flank 
towards  the  plains  oi  ilie  Pu,  and  on  ihe  side  of  Switzerland  and  Austria, 
and  at  their  eastern  termination  towards  Siyria  and  HunGfnry.*  This 
tertiary  zone  marks  the  position  of  lornier  seas  or  gulfs,  like  ihc  Adriatic, 
which  were  many  thousand  feel  deep,  and  wherein  ma-^scs  of  strata  accu- 
niulaled,  some  single  groups  of  which  seem  smrcelv  inferior  in  ihickiicss 
to  the  whole  of  our  secondary  formations  in  England.  The^e  marine 
tertiary  strata  have  been  raised  to  the  height  of  from  2000  to  iOOO  feet, 
aod  consist  of  formations  of  diflerent  ages,  charactariiad  by  different 
assemblagaa  of  organized  fossils.  The  older  tailiary  groupa  genarally 
lieo  to  t!)e  greatest  heighu,  and  form  intorior  loaaa  nearest  to  the  central 
rifl^es  of  the  Alps.  Although  we  have  not  yet  ascertained  the  number  of 
difierent  periods  at  which  the  Alps  gained  aocesfiona  to  their  height  and 
width*  yat  wo  ean  a0nn,  that  the  last  earios  of  movaBaota  oeeoirad  whan 
tho  aoao  wore  inhabltod  by  many  oitating  spaalaa  of  animali* 

Wo  nay  MMglno  aomo  folnio  aariaa  of  aonvalalooi  once  non  to  hoavo 
•p  thia  alspondoaa  obain,  together  with  tho  adjoining  bed  of  the  sea,  ao 
diattha  nMoaliiBa  of  Borope  may  rival  tha  Andaa  in  alevation }  in  whioh 
aaao  tho  ddtaa  of  tho  Po»  Ad^»  and  BrentOy  now  onerooehing  npon  tho 
Adriatia»  ought  bo  opUAad  ao  aa  to  form  another  oxtorior  bait  of  oonaidai^ 
able  height  around  aootb-eastem  flanh  of  tho  Alpa. 
'  The  Pyrenees,  also,  have  acquired  the  whole  of  their  praaant  altitoda» 
which  in  Mont  Perdu  exceeds  11,000  feet,  since  the  deposition  of  some 
of  the  newer  or  cretaceous  meinl>ers  of  our  secondary  scries.  The  gra- 
nitic axis  of  that  chain  onl>  utlaina  about  tlie  snine  height  as  a  ridge 
formed  bv  marine  calcaieous  bed>;,  the  organic  remains  ol  which  show 
them  to  be  the  equivalents  ui  our  chalk  and  green-sand  series«t   The  ter- 

•  8seallemoirsotheAlps,byPkofessor8edinviekaadHr.HaieUra  Tiaaa. 
ef  GeoL  flee,  sseond  set.  vsl.  UL  aecewpanisd  by  a  nap. 

t  Thia  ebsafvalien»  feat  mads  by  H.  B«a<»  has  bsen  sUmv  esntaed  M. 
wneooy. 
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iHny'^wmntikit  %mm  «f     diiin  «!•  leletd  ta  tfw  Mght  of  mitj  m  ftv 

hundred  feet  sbore  the  sea^  mid  retain  a  horizontal  position,  without  par- 
taking in  g^eneral  in  the  disturbances  to  wliich  the  older  series  has  been 
Bobjecicd ;  so  Uiat  the  greni  linrrier  between  Franrc  '.wd  Spain  was 
almoiit  entirely  upheaved  in  the  interval  between  ihi:  dcpiisiimn  of  the 
chalk  find  certain  tertiary  strata.  The  Jura,  also,  owes  :i  nrvAi  pari  (>{  its 
precent  elevation  to  subterranean  ronvuUtooa  which  happeaeU  alter  the 
i^poiitlon  of  certain  tertiary  groups.* 

The  remarkable  break  nbovc  nllnded  to,  brtwcen  ihr  most  nimlcrn  of 
the  known  secondary  rocks  and  the  oldest  icriKuy,  may  be  in  some  mea* 
sore  apparent  only,  and  aseribable  to  the  present  deficiency  of  our  inform- 
Slioilft  ta  vhich  case  the  ilgns  of  the  intermediate  steps,  by  which  • 
passige  was  effected  from  one  state  of  things  to  cwNber,  may  hereafter  be 
iiwopsrcd.  Nevertheless,  H  u  fu  fttn  iapoiitblo  that  the  intervii 
bttwMD  tlM  chalk  nd  tertiary  fomaliDttt  MnMiMted  an  era  in  th*  mtlk*9 
hifttoiyf  wtien  the  transition  iioai  mm  dass  of  Ofganle  btingt  to  mUmt 
viSf  CMBpnrBlifiely  t|iaalii>yt  npid*  Fbr  tf  llw  doalriDM  ilbowcjipliiiiaA 
in  Nywd  t6  viomiliidiv  of  innpeiMiM  ws  Mmdy  it  wttl  fettMr  ital 
«lMiigwof  tqnal  ongDilndn  in  ihn  gmyaphiaal  fMlmt  of  lha  gldbo*  mmf 
•I diflbranl pcrioda  piodaeo Torjr  nnaqoal  aten  on  oUoHrtoi  aidt  oo  Iv 
4»  tbo  otiitanM  of  oartain  animda  and  plants  depeoda  on  cUnma, 
dnmiao  of  apoaioa  would  bo  abofteoad  or  protnalad»  aomdini^  to  Ifeo 
ma  alwhleh  tho  eliango  of  loftpenlnra  pioaaadad. 

Bvon  if  wa  tsanme  that  the  IntanaHy  of  iIm  aobtoiianaan  distorbiog 
forces  is  nniform  and  capable  of  prodnetng  nearly  equal  amounts  of  alteram 
lion  oa  ihc  surface  of  the  planet,  during  equal  periods  of  time,  still  the 
fate  of  alteration  in  climate  would  be  by  no  means  uniiorm.  Let  us 
imagine  the  quantity  of  bnd  between  the  equator  and  the  tropic  mi  one 
hemisphere  to  be  to  thnt  m  the  other  ns  thirteen  to  one,  which,  as  before 
Stated,  represents  tlie  uiKMiu.d  {iroj)(>riion  ot  ifie  extra- tropical  lands  in  th« 
two  hemis}>iieres  at  prrseiit.  ThtMi  lei  the  hr.'^t  jjr'owrnphical  chnnLi-c  con- 
sist in  the  shifting  of  this  preponderance  of  land  from  one  side  of  the  line 
to  the  other,  from  the  southern  hemisphere,  for  example,  to  the  northern. 
Now  this  need  not  afTect  the  general  temperature  of  the  earth.  Butii^ 
at  another  epoch,  wa  suppose  a  continuance  of  the  same  agmj  lo  tiana* 
fer  an  equal  volume  of  land  from  the  torrid  zone  to  the  taaipanita  and 
aietia  regions  of  the  noiliiaiii  and  aonthom  hemispiwia,  or  imo  ono  of 
them,  thara  might  be  an  groat  a  lolngoinilon  of  tlM  mean  tampaiatefo  ni 
latf  Inftfmdait  that  aaanaljr  mtj  of  the  pivexlaiing  weea  of  ammala  wonii 
ooTflaOp  andf  nnltaait  plaawd  tha  Anlhar  of  Namio  that  Ibaplaaat  alnny 
be  nninhabitad,  new  ipeciea  wonld  than  be  aubatitaiad  in  tha  room  of  tht 
aiUnot  Wa  ought  not,  tharafote,  to  Infer,  that  equal  periods  of  timo  am 

*  M.  Elic  de  Beaamont,  Aaik  das  8eL  Kst.,  Dee.  18l8,p.  MO. 
t  See  Book  iv.  olui|>.  S3. 
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3    aUvavR  attended  by  an  equal  amount  of  change  in  ortrariir  life^  smre  a 
^reni  iluctaation  m  the  mean  temperature  of  the  earili.  thi-  most  intlu- 
'    ctuial  cnn^n  which  can  he  conceived  in  extcrrninntinji  wliole  rncrs  of 
animals  and  piants,  mu«(y  m  4ifiBraal  epochi,  raquire  uaequal  portioM  of 
lime  for  iis  eoiapletion. 


«gMiieitciiiiwie  of  the  d^ttHm  ^  ift» <Mtr sr  AMwSMwy^ 


This  Map  will  enable  the  iveder  tii  pereeifo  at  a  gUma  tha  fiaat  aetail 
of  ahaafaia  tha  iihyiiaal  gatjgwphy  af  Eaiapa,  whiah  mm  ha  piowad  ta 
hmwm  %dM  pkaa  ahwa  aana  al  tha  aider  lartiaiy  aUate  h^pu  to  had^ 
poaitad*  Tha  proela  af  fihiainaea,  daii^  aaaa  partorotbar  of  thia 
pariad,  ia  dl  tha  diatrieta  diathiginaM  by  lalad  Kaaa.  aia  of  a  Mat 
Maqaifoaalahataalarifarthaaaaaihaadaatfahadianaw  eofaiad  hy  da- 
paaata  aaataaBiog  the  ioaaaiaaMiaaaf  aaiaala  whiah  aaaMaaiyhawalifad  t/ 
aadar  water.  Tha  autat  aMiant  part  of  die  period  referred  to  eeaaoi  ba 
deemed  tery  ramete,  eoaaldered  geologically ;  becaose  the  deposits  of  the 
Paris  and  London  basins,  of  Auvergne,  and  many  oihcr  disincis  lielniinr- 
ing  to  the  older  tertiary  epocii,  are  newer  than  the  greater  part  of  the 
sedlmerUary  rucks,  (those  conmionlv  caHcd  secondary  and  transaion,)  of 
whicli  the  crust  of  the  globt^  coinposed.  The  tipecics,  moreover,  of 
marine  and  freshwater  testacea,  of  which  the  remains  are  lound  in  these 
older  tertiary  lorniauons,  are  not  cntirrlv  disiinci  from  such  as  uow  iive; 
a  proporiion  of  more  than  three  ia  a  ljundred  ot'  the  fossils  having  been 
idcutitied  wiUi  species  now  living.t  Yet,  notwithstanding  the  compara- 
tively recent  epoch  to  which  tho  retrospect  ia  eairiadt  tha  lartations  in 
tha  diatribulion  of  land  and  sea  depicted  on  the  insp  form  only  a  pari  of 
thaaa  whkh  laast  have  takan  pbce  donag  tha  period  uader  considaratioii* 
SooM  appnnimaiion  has  roeialy  baaa  made  to  an  estunata  of  the  aaiomit 
af  aaa  eamPcrCed  into  land  in  pane  of  Boiopa  beat  knowii  to  geologiaia  { 
but  wa  eannot  detanaina  how  mneh  land  haa  baaana  aaa  daring  tha  aaaa 
period  I  and  thara  may  hava  bean  lapaatad  iataiahai^  of  Uuid  aad  water 
ia  tha  aaaa  plaeee,  obaagta  of  which  noaeeoam  ia  takaa  in  tlia  map«  and 
laivaotinf  tha  aOKMat  of  which  littto  aoeoiata  mfimatiaa  aaa  am  ba 


I  hava  tfxiaaded  tha  aaa  in  two  ar  duraa  iaataaaaa  b^yaad  thaliaulaof 
tha  lead  aow  coverad  by  tertiary  fonaatiana*  beeanee  other  geological  data 
have  been  obtatoed  for  inferring  the  aabaergeaee  of  these  traeta  after  tha 

* 

*  Co nstnictsd  chiefly  flw  M.  Awi  Bead's  Oeolafieal  lisp  «f  Eonfe. 
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deposition  of  the  tertiary  strata  had  begun.    Thus  I  shall  explain,  in  the 

4th  I5uuk/  my  reasons  for  concluding  that  part  of  the  chalk  of  Enirland 
(the  noiih  and  souih  ilowas,  lor  example,  toa^elher  wiih  ihe  lulcrveninj 
secondary  Lrucis)  continued  bencnih  the  sea  uuilI  the  ii^ocene  or  earliest 
tertiary  beds  had  bef^un  to  accumulate. 

A  strait  of  the  separalin^  England  and  Wnles  has  also  beoi:  inirr> 
duced,  on  the  ('\  idrncf^  alfordcd  by  slicll.'^  of  existing'  specie?  foniKl  in  a 
deposit  of  gravel,  sand,  loam,  and  clay,  called  the  northern  drill  by  Mr., 
Murchison,  who  has  traced  it  from  T.nnrashire  to  the  Bristol  channel,  over 
the  apm  indicated  in  the  raap.t  Mr.  Trimmer  has  discovered  similar 
Tewnt  mtriae  shells  on  the  northern  coast  of  North  Wales,  aid  on  Mod 
Try  fane,  dmt  the  Mtutk  8tratUi>a(  Om  iwiglilof  1892  feet  ■bora  the  fevd 
of  the  teal 

Some  feiaed  eea-beteheet  one  of  thorn  et  the  moolh  of  Cariingford  Bay, 
Mandf  In  whkh  leeent  naiine  ahells  ooeor,  lalelj  obaemd  by  Prafeaoor 
Sad^iefc  and  Mr.  Morehiaoni  have  nqniiod  an  extenaion  of  the  ae*  am 
part  of  the  eutem  ahore  of  Ireland. 

A  portion  alio  of  the  primary  diatriet  hi  Brittany  ia  divided  into  islands, 
heeaaae  it  haa  been  long  known  to  be  eoverad  with  patehea  of  marina 
tertiary  atrata ;  and  when  I  examined  the  diapoaition  of  theae,  in  eonpany 
with  my  friend,  Captain  S.  E.  Cook,  R.  N.,  in  1880, 1  was  eonvinced 
that  the  sea  must  have  covered  much  larger  areas  than  are  now  occupied 
by  these  small  and  detached  d€j)Oi>its. 

The  former  connexion  of  the  White  Sea  and  the  Gulf  of  Finland  is 
proved  by  tlie  fact  that  a  broad  band  of  iprtiary  strata  extends  throuijhouL 
part  of  the  intervening:  ppnrp.  The  cdunnud,  il  is  iruc,  is  reprrsenled 
Boinewluit  broader  than  the  tract  now  occupied  by  the  tertinry  forninlion; 
because  the  latter  is  bordered  on  the  north-west  by  a  part  of  Finland, 
which  is  extremely  low,  and  so  thickly  ioterapeiaed  with  lakea  aa  lo  ba 
nearty  half  covered  witli  fresh  water. 

Oertain  portions  of  tiie  western  ahores  of  Norway  and  Sweden  batfO 
been  left  blaokt  because  the  diaeovery  by  Von  Buch,  Brongniart.  and 
others  of  depoeita  of  raeenl  ahella  along  the  eoeats  of  thoee  countriea,  at 
aaveial  ptacea  and  at  variooe  hdghta  above  the  level  of  the  aea,  atteata  the 
'  eomparatively  recent  date  of  the  elevadon  of  part  of  the  gneiaa  and  othar 
primaty  roeka  in  diatconntry,  althoogh  we  arennaUe  aayet  to  detemuna 
how  fiir  the  aea  may  have  extended. 

On  the  other  hand,  a  oonaidefable  apaee  of  low  land  along  the  ahorea 
on  both  aidea  of  the  Golf  of  Bothnia,  in  the  Baltic  ia  repreaented  aa  aea, 
beeanae  the  giadnal  riM  of  the  land  and  the  ahoaliog  of  the  water  on  that 
coast,  known  to  have  taken  plaoe  during  the  hblorical  en*  leave  no  room 

•  Ch.  zzi«  and  niL 
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for  doubt  lhat  the  boundaries  of  the  guirmust  have  been  ^ally  contrael- 
ed  within  a  comparatitely  modern  period.  Beds  nf  sand  and  clay  are 
deo  found  Tar  inland  in  these  ptrts,  conttiniiif  fossil  shells  of  species 
sow  inhabiting  the  neighbouring  seef,  A  portion  of  Seania,  and  otlier 
traeta  in  the  aonth  of  Sweden*  have  alao  been  marked  with  rated  linee, 
beenuae  they  are  covered  with  day,  aand,  and  erratic  blocka,  which  appear^ 
ed  to  me,  afler  examining  the  diatrict,  to  be  tertiary.  If  the  apaee  ovei^ 
spread  by  such  formationa  were  more  aeeuralely  known,  the  area  repre- 
senled  as  land  in  this  part  of  Europe,  would,  donblleaf,  be  much  more 
cirettmacribefl. 

I  was  anxious,  even  in  the  tills  of  this  map,  to  guard  the  reader  against 
As  supposition  that  it  was  intended  to  represent  the  state  of  the  pliysical 
geography  of  part  of  Europe  at  any  one  point  of  lime.  The  difRculiv,  or 
rather  the  impossibility,  of  restoring  the  geography  oi'  ihe  globe  as  ii  may 
have  ciiiLed  at  any  former  period,  especially  a  remote  one,  consists  in 
this,  that  we  can  only  point  out  where  part  of  the  sea  has  been  turned 
into  land,  and  are  almost  always  unable  to  determine  what  land  may  have 
become  sen.  Ail  maps,  therefore,  pretending:  to  represeiu  the  geography 
of  remote  geological  epochs  must  be  ideal.  The  map  under  consideration 
is  not  a  restoration  of  a  former  state  of  things,  at  any  particular  moment 
of  time,  but  a  synoptical  view  of  a  certain  amount  of  one  kind  of  change 
(tile  eonveision  of  sea  into  land)  known  to  have  been  brought  about  within 
n  given  period. 

It  may  be  stated  that  the  movementa  of  earthquakes  occasion  the  subsi- 
dence ss  well  ss  ths  upraiaing  of  Ihs  surface;  and  that,  by  the  alternate 
rising  and  sinking  of  psrtieulsr  spsces  at  auoceasive  periods,  a  grsat  area 
may  have  been  entirely  covered  with  marine  deposits,  although  the  whole 
may  never  have  been  beneath  the  waters  at  one  time;  nay,  even  though 
the  relative  proportion  of  land  and  sea  may  have  continued  unaltered 
throughout  the  whole  period.  I  believe,  however,  that  aince  the  com- 
mencement of  the  tertiary  period,  the  dry  land  in  the  northern  hemisphere 
has  been  continually  on  the  increase,  both  because  it  is  now  greatly  in 
excess  beyond  the  average  propori ion  which  land  gejierally  bears  to  water 
on  ihe  globe,  and  because  a  conjparison  of  the  secondary  and  tertiary 
strata  alTords  indications,  as  I  shall  endeavour  to  show  hereafter,  of  a  pass- 
age from  the  condition  of  »a  ocean  mierspersed  with  islands  to  that  of  a 
large  continent.* 

But  supposing  it  were  possible  to  represent  all  the  vicissitudes  in  the 
distribution  of  land  and  sea  that  have  occurred  during  the  tertiary  period, 
and  to  exhibit  not  only  the  actual  existence  of  land  where  there  was  once 
sea,  but  also  the  extent  of  surface  now  submerged  which  may  once  have 
been  land,  the  map  would  atili  fail  to  express  all  the  important  revolutions 

*  See  Book  it.  ohap.  iii. 
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III  physical  fffio^rriiphy  which  have  Liken  place  within  llie  epoch  under 
consideration.  I'oi-  ihe  osciUauons  of  level,  as  was  before  •tated,  havt 
not  merely  been  such  as  to  lili  up  the  ianii  from  below  the  waters,  but  m 
some  cases  to  occasion  a  rise  of  several  thousand  feet  above  ib^  sei. 
Thus  the  Alps  have  acquired  an  additional  altitude  of  from  2000  lo  4000 
feet,  atid  even  in  some  places  still  more;  and  the  Apennun^  owe  a  con- 
sulerabie  part  of  their  height  (from  1000  to  200O  feet  and  upwanU)  to 
•ybterranean  eonvuUione  which  have  happened  within  the  tertiary  epoch. 

On  the  other  hand,  somg  nuMintiiMhaiat  slay  have  been  lowered 
during  the  same  series  of  ages,  in  an  aqnal  d^gice*  and  ahoak  mit^  haaa 
bftli  eonvarlod  into  deep  abysses.* 

Conthfdimg  rtmmrh  o»  ckmigm  in  physkai  gtographjf'^Tbm^  obacv* 
YiUonaf  it  majr  aaidt  are  confined  to  Europe,  and  therefore  to  a  spaaa 
which  oooatltniee  boi  «  mnall  poriioQ  of  the  noithefB  hemiaphemi  h«t  il 
appealed  frost  the  bmwIoi  effeied  in  tlie  pineediBgdiapler«  thai  tlie  gnal 
Lowland  of  Gttbeiia,  lying  chiedy  Mweaa  tbe  kaindea  and  76*>  N. 
(an  aiea  »mAf  aqnnl  le  all  JSiirepe)  ia  eenaad  lei  ihe  moat  pan  hj  naiiae 
ai»taf  «hi6h»fiio«i  the  aeeouoft  bj  Htai,  and  other  wiiftMni  mtf 
be  ceoaidiked  aa  of  tettUuy  formaikm* 

Upoa  a  viviav  of  all  the  pbenoMena  abofo  eniMneiettdt  tbepe  eppe« 
gronnda  for  inlhrring  thai  the  ene  of  the  principal  alieietiena  in  cliimta. 
ae  deduoed  fiom  Umil  FefliaiBa«  were  coineident  with  the  periods  of  the 
moat  remarkable  changes  in  the  former  position  of  sea  and  land.  A  wide 
expanse  of  ocean  interspersed  wiih  islands,  seenjs  to  have  pervaded  ;he 
northern  hemisphere  at  the  periods  when  the  iraiisiuoii  aiul  CLuboiiik  roi  s 
rocks  were  formed,  and  the  temperature  was  then  hottest  and  most  uni- 
form. Subsequent  inodihcations  in  climate  accompanied  the  deposition 
of  ttie  secondary  foruiaiions,  when  repeated  changes  were  effected  in  ihe 
physical  geography  of  our  northern  hiitudes.  Lastly^  the  refrioferauon 
becnme  most  decided,  and  the  climate  most  nearly  as8imiiatcd  to  that  now 
enjoyed,  when  the  lands  in  Europe  and  northern  Asia  had  attainttil  ihehr 
ihli  extension,  and  the  mountain-chains  theur  aetaal  height. 

Il  Jiaa  been  objaelad  lo  Uiia  theoiy  of  eUnate,  thai  Uieie  ate  no  ffaolog»- 
eal  proofs  of  the  prevalence  at  any  former  period  of  a  tempemtura  fewer 
than  that  now  enjoyed;  whereas,  if  Ihe  eanaee  above  assigned  wore  the 
true  onea,  it  migiil  reaaonahly  liaTO  been  expected  thai  fossil  lemaina 
would  eometimea  indicate  colder  ae  well  aa  hotter  dimatea  than  thoeo  now 
ealnbUahed.t  In  anawer  lo  thia  oljeetioa*  I  jnay  iuCfMtt  thai  our  pveeenl 
cllflMtee  eie  piobahiy  iar  tteie  dielani  iirom  the  eztrejoM  of  poaeible  beal 

*  llnsyfaeebserfadytbalthe&BtBaBdiBftnMMeseahihiled  hUhisMapbearaet 

nercly  on  the  theory  of  cUmals  above  propo^d,  but  serve  also  to  ittnstrats  the  Views 
eTpl  lin  d  in  the  third  book  respeeting  the  niigratioiis of  amiitals  and plaotii  and  the 

giadual  extinction  of  species. 
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than  (mm  its  opposite  extreme  of  cold.  A  glanee  at  the  map  (PI.  I.  fig.  1,  p. 
130)  wif!  ihow  ihal  all  ihc  exisiiii",^  Inrnls  might  be  placed  in  llie  zone  inter- 
veiling  bclweea  the  '30\h  parallels  of  lalilude  on  each  side  of  tlie  equntor, 
an  J  lhal  even  then  ihey  would  by  no  means  hll  ilint  spnco.  In  no  oilier 
position  would  they  give  rise  to  so  high  a  temprraiure.  But  in  the  present 
geographical  condition  of  the  earth,  the  iand  excluded  from  this  zone,  and 
lying  between  the  polee  and  the  paralieU  of  80t  is  in  great  excess ;  so 
much  so  tbftti  isttead  of  being  to  tlie  fM  in  the  proportaoa  of  one  to  throe* 
whloli  is  at  Mir  at  potsiUe  the  average  general  latio  Umiiglioot  the  gMe, 
it  is  as  nine  to  twentj^thiee.*  Hence  it  ought  not  to  aorprise  us  if,  in  our  geo« 
logical  retroepeet»  eoibneing,  peffaapa«  aamall  part  only  ofa  eompleto  eyele 
of  ehaage  in  tlie  tomatrial  elinalea,  we  aboald  happen  to  diaeofer  ofeij 
where  the  afgne  ef  e  higher  toniperatore.  The  atiau  hitherto  examined 
Mj  hate  ofiginatod  when  the  qnantitj  ef  e^totial  hmd  waa  alwaje 
demaningt  and  the  land  in  legione  nearer  the  pelea  angmenting  in  height 
end  araa,  natil  at  length  it  attained  iu  preaent  exeaaa  in  high  Iatitndea« 
There  la  nothing  inprobaUe  in  supposing  that  the  geographieal  revolii- 
tioBa  InoMdiately  preceding  onr  tiuMa  liad  tliia  tewiency ;  and  in  that  case 
iIm  lefrigeratien  ntnal  have  heen  oonalanl.  althoegh,  $m  raaaoua  helbre 
explained,  the  rate  of  eoottog  may  not  ha?e  been  uniform. 

T^htorji/  f)f  Ctniral  Heat. — The  gradual  diminution  of  the  supposed 
central  licai  of  the  globe  lias  been  rcsorLed  lo  by  many  geologiiiUi  as  the 
principal  cause  of  altcraiions  of  clininte.  The  matter  of  our  planet  is 
imagined,  accorJing  lo  the  conjecture  of  Leibnitz,  to  have  been  originally 
in  an  intensely  heated  ?5lalc,  and  to  have  been  parting  ever  since  with 
portions  of  lis  heat,  at  the  same  time  that  U  h;is  contracted  its  ditnensions. 
There  are,  undoubtedly,  some  grounds  for  niferriiif^,  from  recent  oh^^crva- 
tion  and  experiment,  ihnt  ihe  teniperaUire  ol  the  cardi  inrreiiscs  as  we 
descend  from  the  surface  to  that  slight  depth  to  which  man  can  penetrate^ 
but  there  are  no  proofs  of  a  secular  decrease  of  heat  accompanied  by  eon- 
traction.  On  the  contrary,  La  Place  has  shown,  by  reference  to  astro* 
Mniaai  eheeffiliene  made  in  the  time  of  Hippaiehns,  that  in  the  last  two 
tlwnaaad  yeaia  there  has  been  no  aenatble  contnetion  of  the  globe  by 
eooUngt  for  had  thia  been  the  eaae«  eten  to  an  extremely  smell  amonntp 
the  day  wonld  litfe  been  alieitenedi  whersaa  ita  length  haa  oerialnly  not 

•  In  thisegtiinaU',  t^pace  within  the  antarctic  circle ,of  whjch  nothing  certain  i« 
known,  i«  not  t&ken  into  account :  if  included,  it  would  probably  add  to  the  excess 
ef  dfj  land:  fi»r  tiM  grsat  accomulatton  of  ice  in  the  aataietic  regim  sssms  lo  imply 
the  ffCMMsef  a  eertafai  qnantity  of  temfinna.  Ths  aoaiber  ef %qmte  adles  oa 
the  sofftee  ef  the  globe,  aie  148;m,000,  ths  part  ooeopisd  ly  the  sse  befaig 
Ue^Me/KK).  tnri  that  by  land,  37,673,0f^0 ;  so  that  the  land  is  very  nsaily  to  the  sea 
aa  one  part  in  four.  1  am  informed  by  Mr  Gardner,  that  according  to  a  rough  approzt> 
nation,  the  land  b#»twe«*n  the  30^  N  lat.  and  the  pole  occupies  a  space  aimU  eepml  to 
thai  of  tlu  #ea,  and  the  land  beiweea  the  90^  8.  lat.  and  Um>  antaiotio  eirek  aiwut 
oae<«izteenth  of  that  soue. 
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diminished  daring  that  period  by  n^f^^th  of  a  tecond.  Baron  Fourier, 
afit  r  making  a  curious  series  of  experiments  on  the  cooling  of  incandescent 
bodies,  lias  endeavoured,  by  prolound  niaiheinatiral  calculations,  to  prove 
that  the  actual  distribution  of  heal  in  the  e;<ri!i\s  ciivtlopc  is  precisely  that 
which  would  have  taken  place  if  the  globe  h;ii5  l)cen  formed  in  a  medium 
of  a  very  high  temperature,  and  had  afierwanU  been  eou^staiitly  cuok  iJ.'^ 

Now  this  conrhision  is  nppi  uk  t!  to  bv  mnny  rorrohoniting  tlic  theory 
of  secular  n  frigeraiK)n ,  although  the  piienomciiim  might  perhaps  be 
ascribed,  with  equal  propriety,  to  the  action  of  volcanic  heal,  which  we 
know  has,  in  former  ages,  shifted  its  poinls  of  chief  developmeni  ofer 
•Yery  part  of  the  earth's  cniat. 

M*  Cordier  announces,  as  tlie  result  of  bis  experiments  and  obscrvalioni 
on  the  temperature  of  the  interior  of  the  earth,  that  the  heat  increaaet 
lapidly  with  the  depth  s  bat  the  increase  does  not  follow  the  same  law 
OTer  the  whole  earlht  being  twice  or  three  times  as  much  in  one  couniiy 
as  in  another,  and  these  diffeiences  are  not  in  constant  relation  either  wiih 
the  latitudes  or  longitades  of  places.!  All  this  is  preeiseljr  what  we  should 
have  expected  to  arise  from  tariations  in  the  inlensiij  of  volcanic  beat, 
and  from  that  chpge  of  position,  which  the  principal  theatres  of  volcanic 
action  can  be  proved  to  have  undergone. 

But  the  advocates  of  the  doctrine  of  central  heat  contend,  that  although 
no  contraction  can  be  demonstrated  to  have  taken  place  williin  ihe  l.isto- 
ncal  period  [ihc  opcr:jtion  being  slow  and  the  time  of  observation  limited), 
yet  It  18  no  iebs  certain  that  heat  is  annually  passing  out  by  radiation  from 
the  interior  of  the  g:lobe  into  the  planetary  spaces.  Fourier  even  under- 
took to  demonstrate  that  the  quantity  of  heat  thus  transnuiied  into  space 
in  the  course  of  every  century,  through  every  square  metre  of  the  earth's 
surface,  would  suffice  to  melt  a  column  of  ice  having  h  square  metre  for 
its  base,  and  being  three  metres  (or  nine  feet  ten  inches]  high.  On  the 
other  band,  it  is  said,  there  is  no  assignable  mode  in  which  this  heat 
can  be  again  restored  to  the  earth. 

Streams  of  incandescent  lava  arise  up  from  unknown  depths,  flow  out 
Qpon  the  surface,  and,  before  ihej  consolidate,  emit  much  light  and  heat* 
In  what  manner  does  the  igneous  and  luminous  matter  thus  withdrawn 
from  our  planet  return  again  from  the  celestial  spaces?  or,  if  lost,  does  it 
not  imply  a  oonitnual  cooling  of  the  central  parts  of  thO'Cartlit 

This  argument  may  appear  plausible,  until  we  reflect  how  ignorant  we 
are  of  the  sources  of  volcanic  heat,  or  indeed  of  the  nature  of  light  and 
heat  in  geueraL   It  is  doubtless  true,  that  light  and  heat  arc  coniinuaUy 

*  See  a  Memoir  on  the  Tempenitaie  of  the  Tetiestriat  Globe,  and  the  Plmetuy 

Spaces,  Ann.  dv  Chixnie  et  Phya.  torn,  zxrii.  p.  136.    Oct  1894. 

i  See  M.  Cordier's  Memoir  on  the  Temperature  of  the  Inteiior  of  the  Earth,  read 
to  the  Acedemj  of  ScisBcei,  4tb  Jane,  1827.— fidia.  New  Pbil.  Jourael,  No.  viii. 
p.  273. 
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eaHMitiing  from  ihe  Mrth;  boi,  in  tbe  tUM  mattMr*  H  mty  be  ttid  diit 
Ihoy  escape  withottt  interniiatoB  fiom  Ihe  enif  and  we  knew  nel  whether 
there  be  any  eompensatinj^  eantea  whieh  again  leetoie  them  te  thai  Inaiif 

nary It  ie  a  mystery,"  saya  Heraebe),  speaking  of  the  aen,  ^to  eonp 
eeive  hew  ao  enormoiia  a  eonflngration  (if  aoeh  li  be)  ean  be  kept  op. 
Every  discovery  in  ohemieal  science  here  leafM  tn  eompletely  at  a  loss, 

or  rather  seems  to  r<Mnovc  farlher  the  prospect  of  probable  explanation. 
M«y  not,"  he  adds,  "a  C(mlinual  current  ol  clecliic  mailer  be  conslanily 
circulating  in  the  sun's  immediate  neighbourhood,  or  imveraiogthe  pUne* 
tary  spacesj  ?**  Ac.  Ac* 

^ulroitomical  ("(ntses  of  JJuct nations  in  climate. — Sir  John  Ilersciiei 
has  lately  inquired,  whethpr  there  are  anv  nsti Dnomical  causes  which  mav 
ofTer  a  possible  explanation  of  the  ditierence  between  the  actual  clmiaies 
of  the  earth*8  surface,  and  those  which  formerly  appear  to  \\-dve  prevailed. 
Ue  has  entered  upon  this  subject,  he  sayat  '*  impressed  with  the  magnifi- 
cence of  that  view  of  geological  revolutions,  which  regards  them  rather  aa 
regular  and  leeeaaary  effects  of  great  and  general  causes,  than  as  reaolting 
horn  a  aeriea  eC  convulsions  and  oataatrophea^  ragnlatad  by  no  laws,  and 
sedodble  to  no  fiied  principles."  Qeoinetera,  he  adda«  have  demon* 
etnled  the  abeolute  invariabilUy  of  the  mean  dtatanee  of  the  earth  from  the 
eun  {  whence  it  wonid  at  fitat  aeem  to  fdlowt  thai  die  mean  annoal  anpply 
of  light  and  heat  derived  fiom  thai  Inmuiary  would  be  alike  invariable; 
hat  a  doaar  coniiderallon  of  the  aobjeet  will.ahowy  that  thia  would  not 
be  a  legittaaate  eondvaion  $  bnt  that*  on  the  contraiyy  the  mami  amennl 
of  aolar  radiation  ta  dependent  on  the  escentrid^  of  the  eerth'e  oibit*  and 
terelbie  liable  to  variatien.t 

Now,  the  eccentricity  of  the  orbit,  he  oontlMeat  la  aetnally  diminUh 
ing,  and  has  been  so  for  ages  beyond  tlie  records  of  hlatoty.  In  conae> 
qucnce,  ihe  ellipse  is  in  a  state  of  approach  to  a  circle,  and  the  annual 
average  of  solar  iit  al  radiated  to  the  e:»rLfi  is  actually  on  ihe  ikcrccue.  So 
far  this  is  in  accordance  vviih  geological  evidence,  which  indicates  a 
genernl  refriL'pration  of  climate  ;  but  the  question  remains,  whether  the 
amouiit  ot  tiiimiiutioii  which  the  eccentricity  may  have  ever  undergone, 
can  be  isupposed  suiiicicnt  lo  account  for  miy  sen^ilde  refrigeration.  The 
ealcuiations  necessary  to  determine  this  ponu,  though  practicable,  have 
■ever  yet  been  made,  and  would  be  extremely  lahoriou?  ;  for  iliey  must 
onbiaoe  all  the  perturbatiooa  which  the  moat  influeotial  planeu,  VenoSf 

*  Treatise  on  Astronomy.  \  337. 

t  Thf>  theoreia  is  thus  stated: — ^"The  eccentricity  of  the  orbit  rarying,  the  total 
quantity  of  beat  received  by  the  earth  from  the  sun  in  ooe  revolution  is  invertely 
ptoportiooai  to  the  minor  axis  of  the  mUI.  Tba  axis  is  iavaciable,  and  thaia* 
lbM,<if  omia,  the  abaolnts  length  of  the  year:  faenea  it  IbUaws  thai  tlie  aoaan  an- 
■Ml  afaiaga  «f  haa  wm  alM»  be  in  tiM  na  lBvai«  latb  «f  tlM  minor  axia.'''CM 
Traaa  asoond  aitisa,  val.  liL  f»  99ft. 


Digitized  by  Google 


Ui 


fJBmkL 


Mira,  Joptet  and  8aUini,  wooM  cmm  in  ths  MMli'a  oibitt  and  m  mtk 
other's  movements  round  tbi  wn. 

Tilt  pMUon  it  alto  verjr  complieated,  inasmuch  it  ll  dfpeiMta  Ml 
naral  J  on  Um  •IlipUett j  of  llie  earUi'a  oibiu  boi  oa  th*  aniitted  tsmptm^ 
line  of  Ibo  colotlial  ipoDM  bofond  llio  otrtb*s  •toMMpbaiv ;  a  motter  siall 
opitt  l»  diMNiition,  oad  on  which  MM.  Fonrior  awl  Haiaehal  baio 
anitad  at  vary  ditfareiit  opiniom.  Bvl  if«  aaya  Haraehatt.  wa  aappoaa 
att  oztianM  caaa»  m  if  lha  aarUi^a  oihit  alioakl  avar  baaoaM  aa  aeeestria 
aa  thai  of  tba  fdaoal  Jfaoo,  or  Pallas,  »  giaat  ebaoga  of  dliaata  mi^u  W 
aonoaivad  lo  raaall»  tba  wlnlar  snd  aoniiiar  tampafattnaa  being  sooMliMa 
niliftted,  sod  mt  oihsrs  azagge rated.  In  the  euDa  letitodea* 

It  is  much  to  be  detiired  that  the  calculations  alluded  to  were  ezeoBtedt 
as  even,  if  ihcy  should  demoiistraie*  as  M.  Arjgo  ihinks  liighly  probable,* 
that  the  mean  ainouiU  of  sobr  rndialion  can  never  be  malerially  aflfecieii 
by  inreirulariiics  \n  the  earth's  niuiu>n,  it  woiiU  still  be  saii.^factory  lo 
ascerlnui  the  peiiit.  Such  inquiries,  however,  ran  never  ssuptrsede  ihe 
necessiiy  oi  inrcsugating  ihe  consequenrps  of  iho  varyinr^  poj;iiit)u  of 
continents,  shifted  as  wc  know  {)t(  tn  to  have  i^ecn  duiiug  suct^estifo 
apocbaf  fcoA  one  jnri  of  the  globe  to  the  other. 


0H4PTEB  IX. 

YARTUSR  DISCUSSION  OF  THE  QUSSTIO!!  AS  TO  THE  DISC0RD4NCX  OF  TBS 
ANCIENT  AND  MODKRN  CAU8S8  OF 

thaoqr  ^  <bs  ymgisssife  dtrstofOMal  «C  effsnie  Hlb— Efidsost  ia  l«e  aoppoii 

loeoBohMiT*— Vert«l>rate4  miuimIs,  sad  pisals  of  the  most  perftet  «NfBOisalio%ift 
strata  of  very  high  antiqcitj  (p.  ]5i.)~0ifltoncea  between  the  organic  rrmaiessf 

flUCueMlTe  formatinns — Rcduirk'^  nn  t!»p  rompT^rstirpIv  mndprn  on^fin  of  the  human 
race  (p.  158.) — The  fiopular  doctrine  of  hucceasivc  development  not  coiiiir'ned  by 
the  admiasioa  that  man  is  oi  modern  origin— >liiiroducUon  of  flMA,  to  wImI  ejUciA 
a  change  in  the  ajrateia  (p.  161.) 

Pfognnh%  dtwicpmegU  of  organie  Nft.*'^  die  pioeedinf  ehapteta  I 
hate  aomidaiad  amiy  of  the  moet  popular  groaoda  of  opposition  to  the 
doatriiMv  that  all  IbroMr  abange^  of  the  oigaale  eiid  inorgania  anation  art 
laferabla  to  one  onitiiemiplad  aaeeessiofi  of  physical  eveDts,  goremod  by 
the  Uws  of  Nature  now  in  operation. 

•  Abo.  do  Ber.  dss  Loog.  18M. 
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As  the  principles  of  our  scicnrp  must  nhvnys  remain  uiisculcd  so  long 
as  no  fixed  opinions  are  enlerlaiiirti  on  this  fundomeiital  question,  I  ihall 
proceed  lo  examine  other  objections  which  hare  been  lugud  agamsi  ilie 
ftsstnnpUon  (if  the  indeniily  of  ihc  ancient  and  inodeni  causes  of  chnnge. 
A  late  distinguished  writer  ha^  fonnaiiy  advanctd  some  of  the  most  popu- 
lar of  these  objcciion.^-  "  h  is  impossible,"  ho  afTirms,  **  to  {lefend  the 
propostlion,  tlKU  the  present  order  of  things  is  the  ancient  and  constant 
order  of  nature,  only  modi  tied  by  existing  laws  :  in  those  strata  which 
are  deepest,  and  which  musty  consequendy,  be  supposed  to  be  the  earliest 
dvfiotilwly  fofiw  even  of  vei^tablo  lift  an  im ;  sheUi  and  ve^tabto 
VMilat  are  found  in  the  neit  ordar;  flia  hcwtt  of  fishes  and  oviparous 
faptUfli  tziti  ia  iha  Mowing  class ;  the  lantina  of  binbt  wiib  thosa  of 
tha  auM  gaotra  mentiaMil  iMlwa«  is  tba  aailonlar;  tliose  of  quadraptdf 
of  extinct  tpectet  in  a  itiU  moft  ffotat  class ;  aod  h  is  oaly  in  tha  loata 
mtd  aligliiljr  coasolidnad  tlrata  of  fiavd  and  iaadt  nad  whiab  aia  aaaallj 
aalM  diiatMo  lbnMiioBa»  iImI  tha  fnnint  of  aaiaMlt  taali  aa  now  fiaopla 
Cha  glaba  ara  fi»aad*  wiili  ollioia  balonging  to  axiiaal  spaeiaa*  But*  in 
■000  of  ilMaa  Ibmatiou*  wbaUiar  aallad  itaandaiyt  larciarj,  or  dilavial* 
lufo  iIm  lamunt  of  ana,  or  aay  of  hia  warlai  barn  diMOfaiad^  and 
wiMafar  dwalla  apoa  tbin  sal^jaQl  matl  ba  aoofinatdt  thai  tha  piaaant 
oidar  of  things,  and  tha  eomparatifely  laa^ni  axiataaea  of  man  aa  tha 
BiMtsr  of  the  globe,  is  aa  aarlnin  aa  the  destmetion  of  a  former  and  a 
different  order,  and  the  extinction  of  a  number  of  livini^  forms  which 
have  no  types  in  being.  In  the  oldest  secondary  strata  there  are  no  re- 
noiiins  of  such  aainiaKs  as  now  lielonjii;  to  the  surftiee  ;  and  in  tlie  rocd\s, 
^vhicii  may  be  regarded  as  more  reeenlly  deposited,  these  remains  occur 
but  rarely,  and  wuh  nlnnulance  of  extinct  species; — there  seems,  as  it  • 
were,  a  jrradual  approach  to  the  present  system  of  things,  and  a  succession 
af  destruciionj^  and  creations  preprtrnlory  to  the  exi«!tence  of  man."* 

Til  tiie  above  passages,  the  nuilior  dechjces  two  important  conclusions 
from  geological  dau;  first,  t'lat  in  the  successive  groups  of  strata,  from 
the  oldest  to  the  most  recent,  there  is  a  progressive  development  of 
orftaie  Uia«  from  cha  aimplesi  to  the  most  complicated  forma }  seeondiy, 
that  man  ia  of  aampaiatiffaly  recent  origin*  It  will  ha  easy  to  show  that 
tlie  first  of  these  propaaitions,  tbaogh  amy  gananllj  received,  has  but  a 
■tawdsf  foundation  in  laat  Tha  ataandl,  on  tha  aantrny,  is  iadisputahlat  /- 
and  it  ia  Impoftanlt  thmafoia*  to  rnnaidar  how  for  ila  admiaaton  ia  inaon* 
alaiant  with  tha  daatriaa»  that  tha  ayatam  of  tha  natanl  wodd  may  havo  /  * 
baan  aniform  from  the  bagianinf,  or  rathar  finim  tha  am  whan  tha  oldaat 
naka  hitharto  dlteofOfad  wara  formad* 

FicMi  than*  lat  aa  aonaidar  tha  gaalagical  proofs  appealad  to  in  aopport 
of  tha  thaary  of  tha  anaaaaaiia  davelopment  of  aninwl  and  vcgciabla  Ufo» 

•  «r  IL  JHvy,  Osmnhtipna  in  Timvi,  UUlogoc  UL  «Tbt  Uakaowa.*' 
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and  their  progressive  advancement  to  a  more  perfect  state.  No  geologisu 
who  are  in  possession  of  all  ihc  data  now  established  respecting-  fdssil  re- 
mains, will  for  a  moment  contend  for  the  doctrine  in  all  its  dtiaU,  as  laid 
down  by  tlic  great  chemist  to  whose  opinions  we  have  referred;  but 
naturalists,  who  are  not  unacquainted  with  recent  discoveries,  continue  to 
defend  it  in  a  modified  form.    'I'hey  say  that,  iu  the  tirst  period  of  the 
woridf  (by  which  they  mean  the  earliest  of  which  we  have  yet  procured 
any  memorials,)  the  vegetation  eonaisted  almoet  entirely  of  cryptogamie 
plants,  while  the  animala  which  co-existed  were  almnst  entirely  confined 
10  soophytee,  teetaeea«  and  a  few  fiab.   Planta  of  a  leas  simple  stnietnio 
saeceeded  in  the  next  epoeht  when  OTiparoni  reptllea  began  alto  lo 
abonnd.  Lastly,  the  terreairtal  flora  became  moat  diveiaified  and  moat 
perfect  when  the  highest  ordera  of  animala,  the  mammifeim  and  biide,  wm 
called  into  existence. 

Now  In  the  first  place,  it  may  be  observed,  that  many  naturalists  an 
guilty  of  no  email  inconsistency  in  endeavouring  to  connect  llie  pheno- 
mena of  the  earliest  vegetation  with  a  nascent  condition  of  organic  life, 
and  at  the  same  time  lo  deduce  from  the  numerical  predominance  of  cer- 
tain types  of  form,  the  greater  heat  of  the  ancient  climate.  The  argu- 
ments in  favour  of  the  latter  conclusion  arc  without  any  force,  uiiless  ue 
can  assume  that  the  rules  followed  by  the  Author  of  Nature  in  the  crea- 
tion and  distribution  of  or«:;iiiir  being^s  were  the  same  formerly  as  now; 
and  thnt,  nn  certain  families  ♦>!  auiiiKils  and  plants  are  now  most  abundant 
in,  or  exciusivelv  confined  to,  regions  where  there  is  a  certain  tempera- 
ture, a  certain  degree  of  humidity,  a  certain  intensilj'  of  light,  and  other 
conditions,  so  also  the  same  phenomena  were  exhibited  at  every  former 
era. 

If  this  postulate  be  denied,  and  the  prevalence  of  particular  families  be 
declared  to  depend  on  a  certain  order  of  precedence  in  tlie  introduction  of 
difierent  classes  into  the  earth,  and  if  it  be  maintained  that  the  atandard  of 
organixation  waa  raised  successively,  .we  must  then  ascribe  the  numerical 
preponderance,  in  the  earlier  ages,  of  plants  of  atmpler  atructure,  noi  to 
the  keatf  but  to  those  difierent  laws  which  regulate  organic  life  in  newly 
created  worlds.  If,  according  to  the  laws  of  progressive  development, 
cryptogamie  plants  always  flourish  for  ages  before  the  dicotyledonous 
order  can  be  established,  then  is  the  small  proportion  of  the  latter  fully 
explained ;  for  in  this  ease,  whatever  may  have  been  the  mildness  or 
severity  of  the  climate,  they  could  not  make  their  appearance. 

Before  we  can  infer  an  elevated  temperature  in  high  latitudes,  from  the 
presence  of  nrliorescent  Ferns,  Lycopodiacejc,  and  plants  of  other  allied 
families,  we  must  be  permitted  to  assume,  tliai  at  all  umes,  ]>nst,  present, 
nntl  future,  a  heated  and  moist  atmosphere  pervaclinij;  the  northern  hemis- 
pliere  has  a  tendency  to  produce  m  the  vegelaUoQ  a  predominance  of 
analogous  types  of  form. 
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la  the  ancient  strau  of  the  carboniferous  era,  between  200  and  300 
•pecies  of  plants  have  been  found.    In  Uiese,  say  the  niuhors  of  the 

Fossil  Flora,"*  no  traces  have  been  as  yet  discovered  of  ilie  simplest 
forms  of  llowerless  vegeiaiion,  such  as  Fungi,  Lichent;,  Hepaliciu,  or 
Mosses;  wiule,  on  the  ronlrary,  there  a]")])ear  in  their  room  Ferns,  Lyco- 
podiacett,  and  supposed  Equiseiaceoe,  liie  most  perfectly  organized  ciyp- 
togamic  plants.  In  regard  to  the  remains  of  monocotyledons  of  the  atmm 
strata,  th«y  oootist  of  palms  and  plants  analogous  to  Dracaenas,  BaaaiiM» 
and  the  Anom  Boot  tribe,  which  are  the  noei  liiffaly  developed  tribes  of 
tlMl  class.  Among  Um  dicotyledons  of  the  same  psiiod  coftiteoiM  lists 
wsre  abundant,  while  tlM  fossil  Sugnaiis,  wliicii  aeeonipeajr  Uisait  bo- 
loofsd  probsUy  to  tbs  aiosl  psrfeelljr  Offttiasd  pUnis  oflbalslass,  bong 
oUisd  10  lbs  CsotoBt  or  Eopboibiaosp.  Bui  sopposlngt"  cootimio  Iho 
osMo  anthoiSt  ^  ibal  il  eoold  be  doiiioiistnltd»  tbol  QsUhsr  ComCm  mr 
any  olhor  dloolylodoiioiis  phals  ozisted  in  tbo  lint  gtolofiesl  sgo  oiUai 
pIsBis,  still  the  thoory  of  progressifo  dofoUqpaoDl  woold  be  QDlODoUoi 
boosnio  it  would  bo  Moeoniy  lo  show  that  nMOoootyledooo  aie  inferior 
in  dignity,  or,  to  nee  a  mors  inlelligiblo  OKpioasion,  vo  loss  peifectiy 
Ibmod  than  dicotyledons.  So  &r  Is  this  from  being  tbo  eaaa«  that  If  the 
ezaet  equality  of  the  two  tflatses  wsio  not  admllted,  it  would  be  a  ques- 
tion whether  monocotyledons  are  not  the  more  highly  organized  of  the 
tw  o  ;  whether  palms  are  not  of  greater  dignity  than  oaks,  and  ctreaiia 
than  nellies.*' 

Jlnhnal  remains  in  the  tranailiorit  or  g^reywatke^  and  carboniferous 
By  far  the  largest  part  of  the  organic  remains  found  in  the  earth's 
crust  consist  of  corals  and  testacea,  the  bones  of  vertebrnted  animals  being 
comparatively  rare.  W'fien  Llie.^e  oecur,  thev  htlong  rnucli  more  fre- 
quently to  riah  than  lo  reptiles,  and  hul  seliiom  lo  lerre^^lrjal  jTiarii iivilia. 
This  might,  perhaps,  have  heen  antKMjjated  as  ilie  g-eneral  result  oi  mves- 
tigation,  since  all  are  now  agreed  that  the  greater  number  of  fossiiiferoos 
Simla  wsre  deposited  beneath  the  sea,  and  that  the  ocean  probably  oc« 
eapied  in  ancient  lioMS,  as  now,  the  greater  part  of  the  earth's  surfaee.  y 
Wo  BMtft  not,  however^  too  liastaly  infer  from  liie  absence  of  fossil  bones 
of  mammalia  in  the  older  foeks,  that  the  highest  elasa  of  feriobratad  ani* 
roals  did  not  exist  in  the  xemoler  ages.  Theco  are  regions  at  prassnt*  In 
tho  Indian  and  Paeifie  oeeans,  oo-oztenaive  in  area  with  the  continents  of 
Enrope  and  North  Ametiea,  whofs  wo  might  dredge  tho  bollom  and  draw 
up  ihouaaiids  of  shells  and  ooialSf  withont  obtauu ng  one  bono  of  a  land 
qoadmped.  Snppoee  oor  mar Ineia  were  to  report,  that  on  aonnding  in 
tho  Indian  Ooean  near  soino  coral  reefa»  and  at  aomo  dialance  from  the 
land,  they  draw  np  on  hooka  altaehod  to  iheir  line  poitiooa  of  a  leopard* 

*  Fossil  rior&  of  Great  Aritaia,  by  Joha.Lindlj  and  William  HottoD,  fisqoifBS. 
London,  1833^  freface. 
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elephant,  or  Upir,  should  we  not  be  sceptical  as  to  the  accuracy  of  ilieir 
sUtenients  ?  and  if  we  had  no  doubt  of  their  veracity,  might  we  not  sus- 
pect them  lo  be  unskilful  naturalists?  or,  if  the  fact  were  unquestionedt 
ehoul  J  we  not  be  dispoied  to  believe  that  some  vessel  had  been  wrecked 
on  the  spot  ? 

The  casualties  must  always  be  rare  by  which  land  quadrupeds  are 
iwept  by  rivers  far  oat  into  the  open  Ma*  and  still  rarer  the  contingency 
of  such  a  floating  bodjr  not  being  deTOQiod  bj  iharlu  or  other  predaeeous 
fifht  such  as  wm  those  of  wiiich  we  find  the  teeth  preserved  in  some  of 
the  cirboiitferm  etnli*  Bnt  if  the  eerease  thould  eeeape,  and  should 
happen  to  link  where  sediment  wee  in  the  aet  of  aeenmnlatiog*  end  if  the 
Dometone  eanaes  of  eubeeqncnt  disintegration  ehoald  net  eflaee  all  traeee 
of  the  body*  ineluded  for  eotintteee  ages  in  solid  roek,  is  it  not  contrary  te 
sll  ealenlatiett  of  ehances  that  we  ehonld  hit  upon  the  eiaet  apot^^-ihnt 
mere  point  in  the  bed  of  an  ancient  ocean,  where  the  pfeeioos  relie  was 
entombed  t  Can  we  expect  for  a  moment,  when  we  have  only  eneeeeded, 
amidst  acfera!  thousand  IVagmenta  of  oorals  and  ehells,  in  finding  n  few 
bones  of  aquatic  or  amphibious  animals,  that  we  should  meet  with  n 
single  skeltjloii  of  :\n  it^habiiaiU  of  the  land? 

Clarence,  in  his  dream,  saw,    in  the  sUmy  bottom  of  the  deep,*' 

 a  thousand  R'lrful  wrorks  ; 

A  thovii*aii'J  men,  that  hsiiea  gnaw  ci  upon; 
Wedges  of  gold,  great  aadiori,  lieapa  of  peiirl. 

Had  he  also  belirld,  amid  *•  the  dead  bones  lhal  lay  scattered  by,"  the 
earc  isses  of  lions,  deer,  and  the  other  wild  tenants  of  the  forest  and  the 
plain,  the  fiction  would  have  been  deemed  unworthy  of  the  genius  of 
Shskspeare.  So  daring  a  disregard  of  probability  and  violation  of  analogy 
would  have  been  condemned  as  nnpardonaMe,  eien  where  the  poet  was 
painting  those  incongruous  images  which  present  themselfea  tea  die> 
tnrbcd  imagination  during  the  visions  of  the  night. 

Bat,  as  fossil  mamroiferous  remains  have  been  met  with  in  strata  of  the 
more  modem  periods,  it  will  be  desiiable  to  take  a  rapid  view  of  the  oon- 
tents  of  sneoesaive  geologieal  formations,  and  inquire  how  far  they  con* 
firm  or  invalidate  the  opinions  commonly  entertained  respecting  the  do^ 

/trine  of  sQcceesive  development. 
In  the  first  pisce  it  ahoald  be  stated,  that  faint  traces  of  animal  remaina- 
make  their  appearance  in  atrata  of  as  early  a  date  as  any  in  which  the 
impressions  of  plants  have  been  detected.  We  are  as  yet  but  imperfectly 
acquainted  with  the  fossils  of  the  deposits  called  by  Wenier  *♦  transition,'* 
or  those  below  ihf*  carboniferuuij  btries ;  yei  i:i  some  of  tficsr,  as  in  the 
limestone  of  Ludiow,  for  example,  scales  and  boues  of  ^ah  iiave  beea 
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found  *  In  these  aiu-icut  rocks  we  cannot  expect  to  bring  many  verte- 
bral reiBains  to  light  until  wc  have  obtained  more  informaiiun  respecting 
the  zoophytes  and  teitacea  of  Uie  same  period.  The  rarer  species  can- 
uot  be  discorereU  anttl  the  more  abttudaot  have  boea  Iqitiul  •gain  and 
maiiii  wdit  auy  ^  doubted  whether  we  shall  ew  socMed  iii  acqujiiiy 
■0  aziiMife  a  luM>wi«dfa  of  the  foMil  bodies  of  atniis  Mit»rior  ti9  the  coil 
M  io  entiUe  us  to  attach  much  importaoM  to  absence  of  birds  and 
mammalia,  la  rocka  of  high  aoiiqu^gr  Banj  oifwio  iom»  liatfi  boaa 
obliioaiid  bf  ntmm  aaoiaa,  aoak  aa  aoblamnMa  iMaiaad  Iba  f^ieolar 
Ito  of  aoidnlo^a  walMa,  wbicli  bavo  ofwiplod  dniiag  t  hxHg  tnaoayiott  of 
^fii.  Tha  wunbor  of  oifudo  Ibmi  whioh  liavo  diaappeaiod  ftom  tbo 
nldaot-aliaia  nay  bo  ooiiiioiorod  fioa  tbo  froly  tbai  tbatr  fofOMr  oauateooo 
la  in  ttaoj  eaoM  metalf  roioalod  to  oa  by  Iho  nnoqiial  woatbering  of  aa 
OKpoicd  laea  of  rock«  on  wbicb  tbo  patrilaotioiia  atand  oat  in  loliaf. 

If  vOBOst  ooMidor  tbo  old  rod  sandatone,  wo  And  that  ontiio  akalolDDa 
of  &A  have  been  discovered  in  it,  both  in  Scotland  and  in  the  West  of 
Enj^land,  and  Wales,  but  nu  well-authenticated  instance  is  recorded  of  a 
fosail  repiili  from  this  formation. t  Neiliier  have  any  reptilian  remainH 
been  met  wiili  in  the  ineumbeiii  earbuinrcrous  ^'roup,  either  in  the  mouu- 
tnin  limestone,  or  in  the  shales  and  sandaiuatiji  ol  liie  coai.  The  supposed 
saurian  teeth  lound  by  Dr.  Hibl  on  in  carboniferous  strata,  near  Edin- 
burg^h,  have  been  lately  shown  by  ])r.  Agmmiz  to  belon'f  to  sauroidal  ftsh, 
or  fish  ol  tlie  liijrhesl  rank  in  structure,  and  approauhiiig  more  nearly  in 
ibeir  osteoiog^ical  characters  llian  any  others  to  true  saurians. 

It  would  be  prematura  to  conclude  that  no  bones  of  reptiles  are  to  be 
immd  in  the  oarbooiferous  formatioot  baoanae  it  is  only  within  a  few 
years  that  several  diatinct  species  and  genera  of  6sh  have  been  aseaftaiofld 
l»  abound  in  the  same.  It  should  also  be  recolloetad*  that  if  wo  talbr 
fton  the  iooMi  flora  of  tbo  ooal«  and  othar  oivcnnatances  befora  onii- 
moaatady  that  oar  latitodoa  worn  ooeupiod  at  tbo  lOSKrta  patiod  i&  qooitioi 
by  an  oeoan  iatanpoiaod  with  amall  ialanda,  aooh  islanda  nay,  liko  thooo 
of  dw  nodern  TwaBCf  bafO  boon  abnoat  otitaioly  daatitoto  of  namnalla 
tod  ioptiloa4 

Ib  ngaid  to  biido,  tboy  aio  naoaDy  wantiog  ia  dopooUf  of  all  agaOt 
«fOii  wboio  foaail  aninab  of  tbo  tugboat  ocdor  ooeiaf  m  ab«uid^ce.§ 
Tboio  waa  ondontly  a  long  period,  of  whieb  tbo  faffnatioiw  fion  tbo 

•  Mnrehkoa,  Pioeeedbigi  ofOeoL  800.  Ho.  81,  p.  U. 

t  Scale*  of  a  tortoiw  nearly  allied  to  Triooyx,  Sfp  stated  io  the  Geol.  Trans, 
second  sories,  vol.  iii.  part  1,  p.  141,  tn  hr\v*»  hcon  found  abiindnntlv  in  fhft  bituminouf 
•chiitM  of  Caithness,  in  Scotland,  and  in  the  same  formation  111  the  Orkney*.  These 
schistji  have  been  shown  by  i^rofessor  Sedgwick  and  Mr.  Murchison  to  be  of  the  age 
of  the  old  red  sandstone.  But  M.  Agassis  has  lately  daoidsd  that  the  aaales  in  ^oss* 
teaietlMweofaMi.  (Set  ggaio  sf  tkma,  pkis  10,  G^a.  Tkaas^saflw  pift} 

t8sep.]ag.  I  8aa  Beak  ill.  ah.  16. 
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magnesian  limestone  to  the  clialk  inclusive  may  be  said  to  contain  the 
histoiyt  wheo  reptiles  of  various  kinds  were  largely  developed  on  the 
earth :  their  remains  are  particularly  numerous  in  the  lias  and  oolitic 
strata.  As  there  are  now  masiinalia  entirely  confined  to  the  land,  others 
which,  like  the  bat  and  vampyre,  fly  in  the  air ;  others,  again,  of  amphi- 
biotts  habits,  which  inhabit  rivers,  like  the  hippopotanms,  otier,  and 
b^ver ;  others  ezclnsively  aqnatie  and  marine,  like  the  seal,  whale,  and 
narwal,  so  in  the  eariy  ages  under  eonsideration,  there  were  terrestrid, 
winged,  and  aqnatie  reptiles.  There  were  iguanodons  walking  on  the 
land,  pterodaetyles  winging  their  way  through  the  air,  monitors  and 
crocodiles  in  the  rivers,  and  the  ichthyosaur  and  plesiosanr  In  the  ocean. 
It  appears  also  that  some  of  these  ancient  saarians  appfoiimated  mora 
nearly  in  their  organisation  to  the  tjrpe  of  living  mammalia  than  do  any 
of  our  existing  reptiles. 

I  shall  not  dwell  here  on  a  question,  which  will  afterwards  be  disrupsed 
more  fully,  how  far  the  almost  entire  suppression  of  one  class  of  verlelirwta 
and  the  Jevelopment  of  another,  as,  for  example,  the  predominnnce  of 
reptiles  over  mammalia,  or  of  these  over  reptiles,  may  be  reconcileable 
wiih  the  notion  of  constant  and  uniform  laws  governing  the  distributiof)  of 
animal  life  at  particular  periods.*  I  shall  now  merely  call  the  readf-r's 
attention  to  a  striking  exception  to  the  general  rule  of  the  non-occurrence 
of  any  signs  of  warm-blooded  quadrupeds  in  secondary  rocks. 

In  the  oolite  of  Stonesfleld,  a  rock  which  has  been  well  ascertained  to 
hold  a  somewhat  inferior  position  in  the  great  oolitic  aeries,  the  jaws  of 
at  least  two  species  of  small  mammiferous  quadrupeds  have  been  fonnd. 
A  specimen  of  one  of  these,  now  in  the  Oxford  Museum  (see  Fig.  5.),  was 
•xamined  by  M.  Corier,  and  pronounced  by  him  to  bo  allied  to  the  didel- 
phis.  According  to  this  naturalist,  it  was  probably  a  small  carnivorous 
animal  not  larger  than  a  mole,  yet  diflTering  from  all  known  carnivom  in 
having  ten  teeth  in  a  tow. 


*  Book  iv.  chap,  xziii. 

t  This  figwe  (No.  6.)  Is  from  a  drawing  by  Professor  C.  Prevott,  pubhahed  Ann. 
das.  8o|.  Nat,  Aviil,  18BS.  The  fossil  is  a  lower  Jaw,  adhering  by  its  iium  ride  to 
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AwAm  tpeeiiMii  now  in  London,  in  tlw  ooUeetion  of  Mr.  Broderip, 
iMmsistfl  also  of  a  lower  jaw,  and  belonged  certainly  to  a  quadruped  of  a 
distinct  species,  or  even  genus  (see  fig.  6),  for  the  number  of  teeth  it  dif- 
ferent, and  agrees  precisely  with  that  of  the  living  didelphis. 


Lotoer  jaw  tf  JHdOfkU  BuekUmdi,  from  Stoiu^fitU.'  ' 

I.  Tke  Jms  magnified  twice  in  length. 

&  The  seeond  nwlar  tsoth  magnlftsd  sax  tiase. 

The  occurrence  of  these  individuals,  the  most  aneient  memorials  yet 
known  of  ihe  mammiferous  type,  so  low  down  in  the  oolitic  series,  wliile 
no  other  representatives  of  the  same  class  have  yet  been  found  in  the 
snperior  secondary  strata,  either  in  the  Middle  or  Upper  Oolite,  or  in  the  v  / 
Wealden,  Green  Sand,  or  Chalk,  is  a  striking  fact,  and  should  serve  as  a  ^ 
warning  to  us  against  hasty  generalizations,  important  an  exception 
to  a  general  rule  may  be  perfectly  consistent  with  the  conclusion,  that  n 
mmU  nnaber  onlj  of  mammalia  inhabited  European  laiitndee  when  our 

tfM  dUb  of  eolili,  In  wtdeh  il  is  sank,  tlie  fcwn  of  the  eoadjyle,  et  posteriet  pnttm 
efiin  Jew,  iiAslinetlyssea,  sa  impwssiim  ef  itheby  Isft  en  Urn  slsne,  althengh 
tfte  bom  is  wmntiag.   The  interior  pstCef  the  jaw  hu  hsen  partially  broken  awaji 

•o  that  the  fan^  of  six  molar  teeth  are  seen  fixed  in  their  sockcta,  the  form  of  the 
fkngg  being  chayoteiistiio  of  the  mimmihsi   The  enamel  of  some  of  tha  teeth  is  well 


*  Thia  figure  (No.  6)  b  taken  fh>m  the  ori^nal,  in  Mr.  Broderip's  collection.  It 
eenrfslsef  the  right  half  efalewer  jaw,  of.  wfaieh  the  inner  ride  Is  sacn.  The|aw 
iiiinliles  miin  wiihi  Imlh.  iini  ninlei,  mi  thiin  lenhnn.  lint  Ihi  imt  nf  !hi  Jawli 
leetMsdi  •nd'tnaee  ef  the  slfeslnsef  afanrth  incisor  are  seen.  With  this  addition, 
the  number  of  teeth  woeld  agree  exactly  with  thoae  of  a  lower  jaw  of  a  didelphis. 
The  fonll  is  well  preserved  in  a  slab  of  oolitic  structure  containing  shells  of  Trigoni© 
and  other  marine  remains.  Two  other  jaws,  besides  those  above  represented,  have 
been  proooxed  irom  the  qaarries  of  Stooesfieid.— See  firodenpi  Zool.  Jouin.  vol.  iii. 


preserved. 
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aecondary  rocks  were  foiin^d;  but  it  seems  liiUl  to  the  theory  of  pro- 
grcsfijve  development,  or  the  notion  tlint  the  order  of  precedence  in  the 
creation  of  animnls,  considered  chronoloLncally,  coincide'.!  with  ihc  nrcler 
in  which  they  would  be  tailked  according  to  perfection  or  complej^ity  of 
structure. 

Of  (hi:  Tertiary  strata. — The  tertiary  strata,  as  will  appear  from  what 
has  been  already  staled,  were  dcposiird  when  the  physical  LTcoirraphy  of 
the  northern  hemisphere  had  been  eniireiy  altered.  Large  uihrnd  lakes 
had  become  numerou«,  m  in  Central  France  and  many  other  couniries. 
There  weie  gvlfe  of  the  see,  into  which  considerable  rivers  emptied 
themeeWeat  where  strata  were  formed  like  tboae  of  the  Paris  basin. 
There  were  then  also  littoral  formationi  in  progress^  such  ae  are  indicated 
by  the  English  Crogt  and  the  Fahtm  of  the  Loire.  The  state  of  pre> 
aerratlon  of  the  organic  remains  of  this  period  is  Teiy  different  from  that 
of  foseils  in  the  older  roeks«  the  coloora  of  the  ahells,  and  even  the  carti- 
laginous ligament*  nniting  the  TalTeei  being  in  some  cases  retained* 
More  than  1100  species  of  testaoea  haTe  been  found  in  the  beds  of  the 
Paris  basin,  and  nearly  an  equal  number  in  the  more  modem  formatione 
of  the  Subapennine  hills;  and  it  is  a  most  eoriona  fact  in  natoral  history, 
that  the  soologist  has  already  acquired  more  extensire  infbrmation  con- 
cerning the  testacea  which  inhabited  the  ancient  seas  of  northern  latitude* 
at  those  remote  epochs  than  of  the  species  now  living  in  the  same  paraUela 
in  Europe. 

Paris  basifu — The  strata  of  the  Paris  basin  are  partly  of  freshwater 
orijrin,  and  filled  with  the  spoils  of  the  land.  They  liave  allorded  a  great 
number  of  skeletons  of  land  quadrupeds,  but  these  relics  are  confined 
almost  entirely  to  one  small  member  til  the  group,  and  their  conservation 
may  be  considered  as  having  arisen  from  some  local  and  accidental  com- 
bination  of  circumstances.*  On  the  other  hand,  the  scarei^  of  terrestrial 
mammalia  in  eubmarine  eediment  is  elneidated,  in  a  sirihing  manner,  by 
the  extremely  small  number  of  such  remains  hitherto  procured  from  the 
ealcaire  grossier,  one  of  the  formations  of  the  Parisian  aerieit.t 

London  clay — Plastic  dby.^The  inferior  member  of  our  oldest  ter- 
tiary formation  in  England,  nanally  termed  the  plastic  day,  has  hitherto 
proved  aa  deetitute  of  mammiferoua  remains  aa  onr  ancient  eoal  alrain; 
and  this  point  of  resemblance  between  these  deposit!  la  the  more  worthy 
of  observation,  because  the  lignite,  in  the  one  case,  and  the  eoal  in  the 
other,  are  exclusively  composed  of  terreatrial  plaQ|a.  From  the  London 
day  we  have  procured  three  or  four  hundred  speciea  of  teetacea,  but  the 
only  bones  of  vertefarated  animals  are- those  of  reptiles  and  ^sh.  On 
comparing,  therefore,  the  contents  of  these  marinf  Ptrata  with  thf^se  of 
our  oolitic  series,  we  find  the  supposed  order  of  precedence  inverted.  In 

*  Book  iv.  oh.  sviii.  t  Ibid. 
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the  more  sncifent  s)  atem  of  rocks,  a  few  mamtirdiia  have  been  recognised ; 
whereas  in  the  newer,  if  negaUTe  evidence  were  to  be  our  criterion. 
Nature  has  made  a  rptros^rade,  instead  of  an  advancing  movement,  at\tl  no 
animals  more  exalted  in  the  scale  of  organiznlion  than  reptiles  are  disco- 
verable. It  should,  however,  be  staled,  that  in  a  freshwater  formation^ 
resting  upon  the  London  clay,  in  the  Isle  of  Wight,  and  like  it  belonging 
to  the  Eoeeae  epoelh  aoiiie  mtmmlSnpia  raaaint  iMtta  iMmtljr  bM 

Sfibitpennine  6e(f«.— Although  iba  SbbapMmiiM  itrata  havt  been 
•zamincd  by  eoUectors  for  800  yean,  and  have  yielded  nofe  Uwa 
a  thooaaod  apaoiaa  of  leataeaat  the  aMhamtieaied  ezattptea  of  in- 
badded  rsniaiaa  of  Hifaatrial  mainmlk  ave  ezMnely  aeaatyi  and 
aefatal  of  iboae  whieh  hate  been  eited  by  eailier  writera  aa  belongiaf  lo 
<be  eiepliaiitor  ihinoeeioay  hate  ainee  been  deelared,  by  eompelent  anally 
ma^  to  be  llw  bonea  of  iriialaa  and^nbcr  eelaoea*  In.  abont  five  ^  tan 
umaneea,  periiapat  bonee  of  the  nuuilodon,  fhinoeefoa«  and  aoiae  otbet 
knd  anlnnda,  have  been  obaarved  in  Ihia  fowaation  irMi  marine  ehdia 
attached.  These  nravt  have  been  washed  int»  the  bed  of  the  aneiem  aea  ^^/^ 
when  the  strata  were  forming,  and  they  serve  to  attest  the  contigoity  of 
land  mhabiled  by  large  lierbivora,  which  renders  the  rarity  of  such  excep- 
tions more  worthy  of  attention.  On  the  contrary,  the  number  of  skele- 
tons of  existing  animals  in  ihe  upper  Val  crArno,  which  have  been 
usually  considered  to  he  referable  to  the  same  age  as  the  Subapcnnine 
beds,  occur  in  a  deposit  which  was  t^twuod  entirely  in  an  ioiaod  lake^ 
surrounded  by  lofty  mountains.t 

NiM  a  single  bone  of  any  quadromanoas  animal  has  ever  yet  been  dis- 
eovered  in  a  fossil  stale }  and  their  absence  has  appeared,  to  some  geolo- 
gists,  to  eeontenanea  the  Idea  that  the  type  of  organiiation  BMiat  nearly 
leseaiblifig  the  hnman  eame  last  in  the  order  of  eraationf  and  was  scafcely 
perhaps  anterior  to  that  of  man.  But  the  evidence  on  this  point  is  quite 
^  injclusiv« ;  ibr»  firat>  we  know  nothing  of  the  detaila  of  the  various  cUssea 
of  the  animal  kingdom  whieh  Inay  have  inhabited  the  land  when  the 
secondary  atrata  weie  accnmulaled ;  and  in  regard  to  aome  of  ihe  more 
modem  tertiary  periods,  the  climate  of  Europe  does  not  ftppenr  to  have 
been  of  aneh  a  tiopieal  dtaraeter  aa  may  have  been  necesaaty  for  the 
development  of  the  tribe  of  apes,  monkeya,  and  allied  genera.  Besides, 
it  must  not  be  forgotten,  that  almost  all  the  animals  which  ooeur  in  soba* 
queoua  deposits  are  such  as  frequent  marshes,  rivers,  or  the  bordem  of 
lakes,  as  the  rhinoceros,  tapir,  luppopolamus,  ox,  deer,  pig,  and  others. 
Species  which  live  in  trees  are  extremely  rare  in  a  fossil  state;  and  we 
have  no  data  as  yet  lor  delermuniig  how  great  a  number  of  il»e  one  kind 

*  BaeUsnd  and  AUtt,  Jamssoii*s  Ed.  PbiL  Jown.,  No.  87,  p.  190.  Pxalt,  QvA. 
Tnaa.  U  ■srisa,  voL  iu.  p  «^l^Bssd,  1890. 
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w«  oi^t  to  tndt  Mm  we  bm  a  right  to  ezped  s  tingla  iadividaal  of 
the  ollMr*  Evm,  thmfon*  if  w  were  I«d  to  inrer,  rrom  the  pftwaee  of 
mcodiLM  lod  luvdoi  in  iho  Loodoo  thy 9  oml  bwm  the  eueoeHmit  and 
ipieee  ibood  la  the  Iile  of  Sheppey*  Ihtt  at  the  period  whe o  oor  elder 
Of  Eoeene  lectieiy  etntm  weio  fomed,  the  eUntlo  wm  hoi  enoogh  Ibr 
the  qaedwiflieaooe  tribOt  wo  oevevtheloBe  eoold  aot  hope  to  daeeover  ooy 
of  their  akelolooe  oiitil  wo  hod  Wide  eeoeiderable  pR^rtee  to  oMerteiniog 
whet  were  the  oonlOBpoieqr  Poehydetmeta;  end  o  veiy  eveU  noaher 
of  these  have,  ee  wee  before  xenuebedt  beeo  hitherto  diaeoveied  an  any 
etnta  of  this  epoch  in  England.  * 

The  result  then,  of  our  inquiry  into  the  evidence  of  the  seeeeaeiTe  de- 
velopment of  ihe  animal  niid  vegcluble  kmgvloms,  mny  be  stated  in  a  few 
words.  In  reg;ard  to  phtnts^  if  we  neglect  ihe  obscure  and  amhiguous 
impressions  toiuid  m  ^oma  <)(  ilic  (ddest  fassiliferous  rocks,  can 
lead  to  no  ^>arc  conclubious,  we  may  consider  those  wliirh  ciiaraclerize 
the  grest  carboniferous  groups  as  the  first  deserving  pariicular  attention. 
They  are  by  no  means  confined  to  the  simplest  lorins  of  \  cgelaiion,  as  lo 
cryplog"amic  plants  ;  but,  on  the  contrary,  bcloiiij  lo  all  die  loading  divi- 
sions of  the  vegetable  kingdom  ;  some  of  the  more  fully  d(  vclo^ied  lurms, 
both  of  diootyledons  aed  monocotyledons  having  already  been  discovered, 
even  amohf  the  tot  three  or  four  hundred  species  brought  to  lifiitf  it  to 
thenefoee  aoporflious  to  pntHie  this  part  of  the  argument  farther. 

If  we  then  examiae  the  animal  remains  of  th'j  oldeet  foraietiooOj  wo 
fifld  boQcs  and  skelelooe  of  fish  in  the  old  red  sandstones,  and  even  in 
eome  treneiiion  lioieetonee  below  it;  in  other  words,  wo  heee  elreadf 
vortebiBlMl  eniOMle  10  the  laoet  eneiont  etreto  leepeetiog  the  foseale  of 
whiah  wo  een  bo  eeid  to  poesies  eoy  ooounlo  infonoethw. 

Itt  legeid  to  biide  aod  qoadiopodet  their  lOnMioe  eio  ehooot  eotiioly 
wentiog  ui  oiorfae  depeeite  of  otoiy  ofo,  eroii  whoa  iatsiposed  fasebweUr 
etseta  eomeia  thoee  fiisiile  ui  eboadeaoe*  ee  ia  the  POrie  besia*  The  a^ 
eeadeiy  etielo  of  Eofopo  eio  Ibr  the  oioet  pert  mariae,  ead  there  ia  ea  jol 
ooljr  000  ioslaaee  of  the  oeeurrenoe  of  OMaiailenHie  ibesib  ia  theto,  foar 
or  &?e  iadlvidoale  haviag  been  fooad  ia  the  alete  of  BtonesfieM,  a  rock 
aaqeeetionahly  of  the  Oolitie  period,  end  which  appears,  from  several 
other  circumstances,  to  have  been  formed  near  the  point  where  some  river 
entered  the  &ea. 

\Vlifii  we  examine  the  tertiary  groups,  we  taul  in  the  Kocene  or  oldest 
strata  oi  ill  at  class  the  remains  of  a  great  assemblage  of  the  highest  or 
manunik  rous  class,  all  of  extmci  species,  and  in  the  Miocene  beds,  or 
those  of  a  newer  lertinry  t^poch,  other  form.s,  lor  the  niosi  part  of  lost 
species,  and  almu-l  eniirely  distinct  from  the  Eocene  tribes.  Another 
change  is  again  pcrc^iived,  when  we  investigate  the  fossils  of  later  or  of 
the  Plioeeoe  periods.  But  in  this  succession  of  quadrupeds,  we  cannot 
detect  eaj  etgne  of  a  pragieaaifo  developawat  of  oifiaiiitioBi  any  indip 
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ration  l!i;U  ifte  Eocene  fauna  was  less  perfect  than  the  Miocene,  or  the 
Miocene,  than  what  will  be  designated  ia  the  foorth  book  the  Newer 
Pliocene. 

Meeeni  origin  of  man.— At  then  the  popular  theory  of  the  sneeeMiva 
derelopiTpnt  of  the  aninal  and  vegetable  world,  from  the  simplest  to  the 
most  perfect  fonnit  rests  on  a  very  insecure  foandation;  it  naj  be  ukedf 
whether  the  leeent  origin  of  man  lenda  any  support  to  the  atme  doelrino, 
oi*  how  far  the  inflnenee  of  man  may  be  eonaidered  as  eoeh  a  deriatloii 
horn  the  analogy  of  the  order  of  throga  prarionaly  eatabltahad,  as  to 
weaken  onr  eonfidenee  in  the  nniformt^  of  the  eonrae  of  natoie, 

I  need  not  dwell  on  the  proofa  of  the  low  antiquity  of  oar  apeeiea,  for 
it  ia  not  controverted  by  any  experienced  geologiat;  indeed,  the  real  dilS- 
colly  conaiata  in  tracing  back  the  eigne  of  man*t  eziateneo  on  the  earth  to 
that  comporatiTely  modern  period  when  apeeiea,  now  hie  eontempofarieet 
began  to  predominate.  If  there  be  a  difference  of  opinion  respecting  the 
occurrence  in  certain  deposits  of  the  remains  of  man  ami  his  works,  it  is 
always  in  reference  to  strata  confessedly  of  ilie  inubL  modern  order;  and 
it  is  never  pretended  that  our  race  co-exiaied  with  assemblages  of  animals 
and  plants,  of  which  all  or  even  a  great  part  of  the  species  are  extinct. 
From  the  concurrent  testimony  of  history  and  tradition,  we  Ifarn  that 
parts  of  Europe,  now  the  most  fertile  anil  most  completely  suhjcctt'd 
to  the  dominion  of  man,  were,  less  than  8000  years  ago,  covered 
with  forests,  and  the  abode  of  wild  beasts.  The  archives  of  nature  are 
in  perfect  accordance  with  historical  records ;  and  when  we  lay  open  the 
mo?t  tapeifieial  covering  of  peat,  we  sometimes  find  therein  the  canoes 
of  the  savage,  together  with  huge  antlers  of  the  wild  etag,  or  home  of  the 
wild  boll.  In  cavee  now  open  to  the  day  in  varione  porta  of  Enrope,  the 
bonea  of  large  beaats  of  prey  occur  in  abnndanee ;  and  they  indicate  thai,  at 
periode  comparatively  modem  in  the  hiatory  of  ibeglobet  the  aacendancy 
of  man,  if  he  eziated  at  all,  bad  acaroely  been  felt  by  the  bnilea.* 

No  inhabitant  of  the  land  expoeea  himaelf  to  ao  many  daogftn  on  tho 
waters  as  man,  whether  in  a  aavagc  or  a  civilised  atate  if  and  there  ia  no 
animal  therefore,  whose  akeleton  ia  ao  liable  to  become  imbedded  in 
lacustrine  or  submarine  depoaita  ;  nor  can  it  be  said  that  his  ronuuna  are 
more  perishable  than  those  of  other  animals  ;  for  in  ancient  fields  of  battle, 
as  Ciivier  has  observed,  the  bones  of  men  have  lie r<:d  :is  liitle  dccompo- 
siiion  as  those  of  horses  which  were  buried  in  the  same  grave4  I^u^ 
even  if  the  more  solid  parts  of  our  spccits  had  disappeared,  the  impres- 
sion of  their  form  would  have  remained  engraven  on  the  rork5,  as  have 
the  traces  of  the  tenderest  lenves  of  plnnts,  nnd  the  soft  inie^uinents  of 
many  animals.    Works  of  art,  moreover,  composed  of  the  most  inde- 

*  Recpecting  the  probable  antiquity  assiguable  to  certain  homsii  bones  and  wodks 
ef  sit,  Iboad  Intermixed  with  leoalns  of  eatinct  animsls  in  sevetal  eaves  in  Ftaaee, 
sse  Book  iU.  cb.  liv. 

t  SseBookiU.  ch^xvi.  t  Ibid. 
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■tmsliUe  witiffitlti  would  hsvc  ontliitod  tlmott  aU  tfai0  outtttio  iHintirBli 
of  ■idiflMDtary  rooky.  EdifiWf  and  owes  oilim  «iiti«%  haio,  witlua  tho 
timefl  of  hitiory*  been  buried  under  Tolctnie  cjeotiont»  eobawifed  htnmA 

the  sea,  or  engulphed  by  earthquakee ;  and  had  theae  eataatiophea  been 

icpeaicil  throughout  aa  indefinite  lapse  of  agea,  the  high  antiquity  of  man 
would  lu\  c  buea  inscribed  ni  far  mure  legible  characters  on  the  framework 
of  HxQ  globe  lhaa  are  the  forms  of  tiic  aticicni  veg^uiiUau  which  oace 
covered  the  islands  of  the  Northeru  Uccan,  or  of  thoi>e  gigantic  reptile* 
w  hich  at  ^tiU  Uler  peaodf  peopled  the  *ea«  aa4  riverp  of  the  northem 
heraisplicro.* 

Dr.  Pricharii  argued  that  the  human  race  have  not  nhvays  existed 
on  the  surface  of  tiie  earth,  because  "  the  strata  of  which  our  coutinentB 
are  eomposed  were  once  a  part  of  the  ocean'ii  bed/' — mankind, had  a 
beginning,  since  we  can  look  back  to  the  period  when  the  eorfoee  m 
which  thejr  lived  began  to  exiat."t  This  proof*  howoter^  ia  ioanffictcnt, 
for  many  thousands  of  human  beings  now  dwell  in  variooa quarters  of  the 
globe  where  martae  epeoiea  lived  witbui  the  iIomm  of  hielorfv  and*  ca  tho 
other  hand,  the  eea  now  prevaila  peinMiiettlly  om  larya  diairfeiB  oMt 
iahahiled  by  tfaottaanda  of  homati  belagi.  Nor  eaa  ifaio  inleieliaBgo  of 
eea  aod  Innd.ever  eoaf^  while  the  preaeni  eanaee  ero  i*  exiateiiee.  It  ia 
oonoeiTabiet  thmlbie«  that  terrea^ial  apeeica  nighl  bo  older  thas  tbo 
oooftiawita  whieh  thej  hihal|il»  end  aqoalia  epweee  of  tiigher  aaliqoity 
than  (lie  Uto  and  eaaa  whieh  they  peojde. 

ZlMKne  of  »uttmh§  devth/mtni  m^rm^i  Ay  ^  tiimimm 
Umimmu^miodm^  oHgin^ir^  ieon  olbergnnanda  thai  waaraootliM 
to  infer  that  man  ia,  comparatively  speaking*  of  aiodem  origin ;  and  if 
this  be  assumed,  we  may  then  ask  whether  his  introduction  can  be  con- 
sidered as  one  step  in  a  progressive  system,  by  which,  as  some  suppose, 
the  organic  world  ad\  :iuee(l  sUtwl)-,  from  a  luore  feiinjWe  lo  a  iin)re  perfect 
state?  In  repiv  lo  thi.s  qiK'siion,  iL  i?hould  first  be  obaurved  that  ihe  su- 
periority (jf  man  depend.^  not  oa  those  faculties  and  attributes  which  he 
shares  m  coniuioii  widi  ihe  inferior  animals,  hut  on  his  reason,  by  which 
he  is  distinguished  from  iheiu.  When  U  saiil  that  ihe  human  rare  is 
of  far  higher  dignity  than  were  any  pre-existing  beings  on  the  earth,  it  is 
the  intellectual  and  moral  attributes  only  of  our  "race,  not  the  animal^ 
which  are  considered;  and  it  is  by  no  means  dear,  that  the  oifaniaation 
of  man  is  such  aa  woold  cooler  e  decided  pn-eminence  upon  him,  if,  in 
pbeo  of  hie  reasoning  po won*  he  was  nerdy  piovidod  with  aueh  tnatincta 
•i  are  poanessed  by  the  lower  aniniale* 

If  this  be  admitted,  it  would  by  no  Qoana  IbUow,  ovw  if  thaio  had  baon 
anffieient  geologif^  evidence  in  favoor  of  tho  theory  of  pngieaaivo  de- 
velopment, that  the  creation  of  man  was  the  laat  link  in  the  eame  chain. 
For  the  aadden  paaaage  from  an  irrational  to  a  rational  anhnal  la  a  pbe- 

*  See  Book  iii.  oh.  xvL  t  Fbys.  Hist  ofManUmli  ?oi.  M.  p.  604. 
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WM— —D  «f  a  dMMl  kiid  fran  the  |wwiBg>  ttom  tli«  aioiii  limple  to  the 
MM  perfeet  forms  of  animal  organizalioB  and  uwtinet.  To  pretend 
that  tuch  a  atep,  or  rather  leap,  can  be  part  of  a  regular  series  of  changea 
in  the  animal  world,  is  to  strain  aijalogy  beyond  all  reasonable  houniie. 

JniroduciioH  oj  mauy  to  what  extent  a  change  in  the  Si/stem^—^Bui  set* 
iing  aside  the  question  of  progressive  devclojiment,  anolber  and  a  far 
more  dii&cult  one  may  arise  out  of  the  adjiiissian  lliat  man  is  compara- 
tively ofmodern  origin.  Is  noi  liie  inierlerence  of  ilie  human  species,  it  may 
be  asked,  such  a  deviation  from  tiie  aniecedant  course  of  physical  eroota, 
thai  the  knowledge  of  such  a  fact  tends  to  dealvoy  aU  our  o^nfidance  ia 
the  uniformity  of  tbt  order  of  nature,  both  in  regard  to  tioie  past  and  fy^ 
tore  ?  If  such  an  innovation  could  take  place  after  the  earth  had  been  ex* 
donvely  inhabiitd  for  tbouaaiida  of  agee  by  inlerior  uiiaialet  why  ahould 
M  nther  ehuifM  aa  eztnofdiiiery  and  unpraoedeDlMl  happtii  ffoai  tint 
to  time?  If  om  daw  eanae  wae  peniiillad  to  nperfono,  diierinf  la  kiad 
lod  eooify  firoin  uy  before  in  optratioiii  why  nay  aot  othen  have  aoM 
iaia  OTliaB>atdiil«reni  epoehel  Or  what  eeeaii^  have  wa  thai  ihey  may 
BotriaaheiiaAer?  Aad  If  aaeh  be  the  eaia,  how  eon  the  ttiperiaaea  oC 
aae  patiod,  even  thaag^  we  are  acqnatnled  with  aU  the  poaaiUa  effaete  af 
the  Uien  existing  causes,  be  a  ataodaid  to  which  we  can  re&r  all  natural 
phenomena  of  other  periods  ? 

Now  these  objccuons  would  be  unanbucrable,  if  adduced  against  one 
w}io  was  contending  for  llie  absolute  imifomiity  throughout  ail  lime  of  the 
succession  of  sublunary  events — jf,  for  example,  he  wau*  disposed  to  in- 
dulg'e  in  the  philosophical  reveries  of  some  Efiyptian  and  Greek  sect*, 
who  represented  alii  the  changes  both  of  the  moral  and  malerial  worlil  as 
repeated  at  distant  intervals,  so  as  to  follow  each  other  in  their  former 
OMHaxion  of  place  and  time.  For  they  compared  the  comae  of  events  on 
aar»f|iha<o  aatfonomica]  cycles ;  and  not  only  did  they  consider  all  sab- 
hamy  affairs  to  be  ander  the  inflnenee  of  the  caleatial  bodiea«  bat  they 
iMghl  thai  on  the  etrth,  at  well  ae  in  the  iieavena,  the  aame  identical 
fhaaiaiaBa  laeoirad  afain  and  again  in  a  peipelnal  vieiaeitade.  The 
•aaM  iadividaal  men  weia  doomed  to  be  la-bom*  aad  to  periann  tha  «ama 
«ationa  at  belbte ;  the  eama  aria  waia  to  be  inventad»  aad  tha  eama  aitiai 
baiil  and  deetroyed.  The  Argonantia  expedition  waa  daetiaed  to  aell 
egain  with  the  eama  haioee,  and  Achillea  with  hia  Myrmldona  to  ranaw 
dw  aombal  before  the  walla  of  Tkoy. 

rAHsr  tiil  lam  Tipkys,  et  altera  qa»  vebal  Ai^ 

Dilectoa  heioas :  erunt  etiam  altera  belU, 

Atfva  iteram  ad  Tn;^  magnus  mtttetnr  AchiUas/ 

*  Virgil,  Eclog.  ir.  For  an  secount  of  these  doctrines,  see  Dugald  Stewart's  Ele> 
tnents  of  the  Philo^^nphy  of  the  Uomaa  Miad,  vol.  ii.  ektp.  ii.  sect  4,  and  Ptiehsrd*s 
EgjpL  Mjtbol.  p.  177, 

Vol.  I.— V 
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'  The  ffeolo^ist,  however,  may  condemn  these  tenets  as  absurd,  without 
running  into  the  op^>osiie  extreme,  and  denying  thai  the  order  of  nature 
has,  from  the  earliest  periods,  been  uniform  in  the  same  sense  in  whu  h 
we  believe  it  to  be  uniform  at  present,  and  expect  it  to  remain  so  in  lu- 
tnre.  We  have  no  reason  to  suppose,  ihut  when  man  first  became  master 
of  a  small  pari  of  the  t^hthe,  a  greater  rhance  look  place  in  its  physical 
condition  than  is  now  experienced  when  districts,  never  hefore  itilialuted, 
beeome  Buccessively  occupied  by  new  aetUeni.  When  a  powerful  Euro- 
pen  colony  lamk  on  the  abmt  of  Aiiitraltft»  and  introdMCt  at  once  those 
•rta  wbieh  it  has  required  bmhj  eenturies  to  anaHire ;  when  it  inifN)rtB  a 
nrallitilde  of  plants  and  large  animala  Aom  the  opposite  ezm«ltjr  of  the 
earth,  and  begins  rapidly  to  extirpate  many  of  the  indigenooe  apeeiee,  a 
mightier  lovotetion  ia  effeeted  in  a  brief  period  than  tlie  first  eotranee  of 
t  aefige  horde,  or  their  eonthraod  ooeopation  of  the  emintiy  for  mmf 
eeotnrlea,  een  poeeibly  he  imagined  to  hate  produeed.  If  there  bo  no 
imptopriely  in  aaenming  lliat  the  ayetem  ia  anilbrm  wlmn  dietnrbenoee  eo 
nnpraeedenled  oeeor  in  eeitain  loeUitiea,«wo  can  with  mnob  grteter  eon* 
idenoe  apply  the  aame  Umguage  to  thoao  primetal  ages  when  the  aggr^ 
gate  number  and  power  of  the  hnman  race,  or  Uio  itio  of  tlmlr  advaneo* 
moot  in  eiriUiatlonf  moat  be  suppoaed  to  hate  been  far  infeftor*  In  loa- 
eoning  on  the  atale  of  the  globe  immediately  befem  onr  epeeiee  wae  eolled 
into  existence,  we  most  be  guided  by  the  same  rules  of  indeedon  ae  when 
we  speculate  on  the  slate  of  America  in  the  interval  that  elapsed  between 
the  inlroiluciion  of  man  iiUo  Ajiia,  the  supposed  cradle  of  our  race,  and 
the  arrival  of  the  first  adventurers  on  the  shores  of  the  New  World.  In 
that  internal,  we  imagine  the  state  of  things  to  have  gone  on  according^  to 
the  order  now  observed  in  regions  unoccuj»ietl  by  man.  Even  now,  the 
waters  of  lake**,  ?*ens,  nnd  the  crent  ocean,  \vhirh  teem  vk'ith  life,  may  be 
said  to  have  no  iniruediale  reianoii  to  the  hniiiaii  rnfo — to  he  jiortifins  of 
the  terrestrial  svstein  of  ^^  hicli  i]ian  bns  never  taken,  nor  ever  can  take, 
possession  ;  so  that  the  greater  part  of  the  inhabited  surface  of  the  pianet 
may  remain  still  as  insensible  to  our  presence  aa  before  any  iale  or  OOM- 
tinent  was  appointed  to  be  our  residence. 

If  the  barren  soil  aroeiid  Sydney  had  at  once  become  fertile  upon  tlm 
landing  of  onr  first  settlers ;  if,  like  the  happy  iaiea  whereof  the  poem 
have  giren  na  eooh  giowinf  deecriptiooe,  ihoee  aandy  tmeta  had  hagnn  In 
yield  epontaneously  an  annual  anpply  of  graih*  we  might  then,  indeed, 
have  fancied  alterationa  atill  more  remarkable  in  the  eeonomy  of  natare  to 
hare  attended  the  fimt  coming  of  oitr  apeciee  inia  the  planet.  Or  if»  when 
n  iroleanle  iaiand  like  laehia  waa,  for  the  lint  time,  bnraght  under  enltlm- 
tion  hy  the  enterprise  and  indestr)-  of  n  Greek  eolony,  the  internal  6re 
had  become  dormant,  and  the  earthquake  had  remitted  ita  deetnmtivo 
Tiolenee,  them  would  then  have  been  aome  gnmnd  for  apecnlating  on  the 
debilimtion  of  the  nbterranean  foraee,  when  the  earth  wae  fimi  placed 
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voder  the  dominiou  ol"  man.  But  after  a  long  interval  of  rest,  the  volcano 
bursts  forth  ag^ain  with  renewed  energy,  annihilates  one  half  of  the  inhabi- 
tants, and  compeIf5  the  remainder  to  eiiiif^raie.  The  cotirte  of  nature  re- 
mains evidenily  unchanged  ;  and,  in  like  jnanner»  we  may  suppose  the 
genera]  condition  of  the  gUjbe,  immedialely  before  nnd  after  the  period 
when  our  species  tirst  began  to  existf  to  hare  been  the  Mme»  with  the 
exception  only  of  man*!  pneence. 

Tb0  modificattona  in  the  ■yalem  of  which  man  ia  tha  iiialniiiiaiit»  do 
■ot,  perhaps,  cooaliUite  so  gnti  a  deviation  from  pvafiooi  aaalogy  aa  wo 
oasall/  ioivgiiie;  wo  ofloot  for  example*  form  an  exaggerated  eatimate  of 
tho  extent  of  oor  powir  in  oxtirpafting  aono  of  tlio  inferior  animab,  and 
canalng  othon  to  mollify  s  a  power  whiok  ia  eireonaetibad  within  oar« 
lain  limitOt  and  whieh,  in  all  likelihood,  ta  by  no  neana  ozelnaivaly  ox« 
acted  by  onr  apoeiaa.*  Tho  growth  of  hnnian  popolilion  eannot  lako 
plaea  withont  diminiaUng  the  nnmbera,  or  oanaing  tho  entire  daalmetioB« 
af  many  aniawia*  Tim  larger  earotforona  apaeiea  give  way  before  na, 
bat  other  qnadmpeda  of  tmaller  aize,  and  innumetaUe  birda,  insects,  and 
plants,  which  are  inimical  to  our  interests,  increase  in  spite  of  us,  some 
attacking  our  food,  others  our  raiment  and  persoiis,  and  olliers  interfering 
With  our  agricultural  and  horticultural  labours.  We  behohl  the  ncli  har- 
Tcst  which  we  !iave  raised  with  the  sweat  of  our  brow  devoureil  by 
myriads  of  insects,  and  are  often  as  incapable  of  arresting  their  depreda- 
tions, aa  of  atayiog  the  shock  of  an  earthquake,  or  the  course  of  a  stream 
of  lava. 

A  great  philosopher  has  obserred,  that  we  can  command  nature  only 
by  obeying  her  laws ;  and  thia  principle  is  true  even  in  regard  to  the 
astonishing  cbangea  which  are  superinduced  in  the  qnalities  of  certain 
animals  and  plants  by  domoatioation  and  garden  oultuia*  I  ahaU  poini 
out  in  the  third  book  thai  wo  can  only  oiibel  aiich  anrpriaing  altetitlona 
by  aanating  the  dovelopMnt  of  eerlain  inatinola,  or  by  availing  onndlvae 
of  thai  myateriooa  law  of  their  organiiation,  by  which  IndtTidnil  peeolt- 
aiitiea  are  truiamiaaible  from  one  generation  to  another.t 

It  la  probaUe  from  thaae,  and  many  other  eonaiderationaf  that  as  we 
talaige  our  knowledge  of  the  'ayatem,  we  ahall  become  more  and  more' 
convincedt  that  the  alterations  caused  by  the  interference  of  man  deviate 
far  less  from  the  analogy  of  those  effected  by  other  animals  than  is  usually 
supposed-!  We  are  oficii  uusjlcd,  when  we  institute  such  comparisons, 
by  our  knowledge  of  the  wide  distinction  between  the  instincts  of  aniinab  * 
and  the  reasoning  power  of  man ;  and  we  are  apt  hasuly  to  infer,  tbat  the 
effects  of  a  rational  and  an  irrational  species,  considered  merely  as  physi' 

*  Sec  Book  iii  ch  ix.  t  Set  Book  iii.  eh.  ill. 

%  Id.  chapiets  v.  vL  vii.  and  iz. 
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It  ti  not,  however,  intended  that  a  teal  deparlore  from  the  utecgJwit 
courBe  of  physical  events  cannot  he  traced  in  the  introduction  of  man.  If 
thnt  latitutlc  of  action  whicli  ciKihks  the  l)rulcs  to  accommodate  Uieinsclves 
in  BoiiK"  inra.su re  lo  accidental  circur?isiancc8,  could  be  imagined  to  have 
been  ni  any  former  period  so  great,  ilial  the  operations  of  insiiiid  wofe  as 
mucli  iiacr^uicd  -dn  are  those  oi  human  reaMn*  it  migiil,  perhaps,  be  coD« 
tended,  thni  the  agency  of  man  did  not  constitute  an  nnomalmis  deviation 
from  the  previously  established  oriler  of  things.  It  might  iheii  Ikuc  been 
snul,  I  ha  I  ihc  eardi's  beeominj^  at  a  particular  period  tiie  residence  of 
human  beings,  was  an  era  in  the  moral,  not  in  the  physical  world— that  our 
•litdy  and  contemfilation  of  the  earth,  and  the  laws  which  govern  its  ani- 
mate ptodueiioos,  ought  no  aMrt  to  be  eonetdered  m  light  of  a  die- 
turbance  or  deviation  fyom  the  system,  than  liM  discovery  of  the  satellttes 
ef  Juptler  should  be  lifwiBd  m  •  pkjrnaai  evMt  tAetijig  thoe»  kmmmdf 
hoMn,  Tbfir  influence  in  wAnmwDg  tb»  pngMM  tf  eoience  amoif 
mmh  aad  ft  aMiiif  wt igaiioB  wd  eooiaiefWf  wae  acetmpMiied  hf  wo 
iMipmil  atte  oC  the  Immm  «M  tte  MiioaiT  of  tflim  in  tea 
dlitMl  pknttef  wd  wo  the  mlk  mighl  be  eoMehud  l»  bav*  brnM^  Ms 
oartaitt  ftriodt  •  place  of  mtiil  diesip]jio»  aad  iiMellMlDal  imptowin 
f  mm,  widioBt  the  dighum  domo^nmok^  m  pmiowly  oaMjog otim 
•lehange  io  Hi  «teal»  aad  mmAmm  pwdnBltow> 

The  diftinetDese,  howvfvr,  of  the  homan  horn  all  other  epedae^  eon- 
sidered  merely  as  an  efficient  cause  in  the  physleat  world,  is  real ;  for  we 
stand  111  a  relation  to  contemporary  species  of  animals  and  plants  widely 
different  from  that  uhirli  other  irrational  animnls  caa  ever  lie  supjiosed 
to  finve  held  to  eneli  other.  We  modify  their  instincts,  reiative  numbefs, 
and  geographical  distribution,  in  a  manner  superior  in  degree,  and  m  some 
respects  very  different  in  kind,  from  that  m  which  any  uilier  species  can 
affect  the  rest.  Besides,  the  proirressive  movement  of  each  successive 
generation  ol  men  causes  the  human  species  to  dider  more  from  itself  iii 
power  Rt  two  distant  periods,  than  any  one  pportes  of  the  higher  order  of 
animnls  differs  froii)  another.  The  establishment,  therefore,  by  geoiogi" 
cal  idence,  of  the  iirst  intervention  of  such  a  peculiar  and  unprecedenled 
agency,  long  afier  other  parts  of  the  animaie  and  inanimate  world  existadt 
aibrds  ground  foreeariodiaf  thai  tha  axperienoe  during  thousanda  af  afta 
of  all  the  ifiati  whaflh  my  hifp|iaB  om  thia  globe  waoid  Mi  anable  a 
philosophav  10  ifMoalate  with  eooddeoce  concerning  futuse  eoalinfa«eiaa» 

If  then  an  islellifMit  being,  aAar  obaarviag  tha  ardor  of  otaaii  ftr  m 
indeflnita  aariaa  of  agaa,  had  witnaaaad  ml  laal  ao  woadarfol  aa  imiofadoa 
aa  thla»  to  vhai  aviaai  waoM  hk  baliaf  in  tha  lagidariiQr  af  lha  ajaM 
waakanodf^woidd  he  aaaaa  to  aarona  thai  tharo  isoa  a  pamanaony  in 
the  lawa  of  natofot— woold  ha  no  lonfarbagnidad  in  hla  ipaaalatioiia  bgr 
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ftm  liiimn  ivtai  «l  InJiWtiMl  f  T«  Umm  t«*«<>oo*  may  be  aof  wered , 
lliat,  had  be  pravioQily  preMuned  to  dogmatise  respecting  the  absoluie 
oniforiiiity  of  the  order  of  nature,  he  would  muloubiedly  be  checked  by 
wiUics&mg  this  new  and  unexpected  event,  and  would  form  a  more  ju«t 
estimate  of  the  limited  range  oi  hla  own  knowledge,  and  the  unbounded 
extent  of  the  scheme  of  the  universe.  But  he  would  suon  perceive  that 
no  one  of  the  fixed  and  constant  iawa  of  the  animate  or  inanimate  world 
was  subverted  by  human  agency,  and  that  the  modifications  prinJuced 
were  on  the  occurrence  of  new  and  extraordinary  circumstances,  and 
those  not  of  a  physical  but  a  moral  nature.  The  deviation  permitted 
would  abo  appear  to  be  as  slight  as  was  oonsisteni  with  the  accomplish 
MM  of  the  new  wmntl  ends  prop<^d,  and  to  be  in  a  ^real  degree  wm' 
porary  in  its  natore,  so  thai,  whenever  tbe  power  of  the  new  agent  wet 
viibfaeld,  9nm  kn  a  brief  period,  a  relapse  wovJd  tslte  plMt  lo  the  ancient 
•IMki  of  the  doMetlteial  hubmI,  for  eianpleratemriaf  ki  m  finr 

fiiWirtipM  in  wild  mdO— t,  mk  the  gaide^Wwsr  mi  wftrtiiy 

Ktfr,  if  l>  woM  be  mnailib  to  ium  meh  ititmmnu  wiih  impeet  t» 
ihe  iMmw  w  canwl  b«l  appljr  Ibo  mm  mIm  of  iadaetfaa  m  Ae  peel. 
W«  km  Miigiato  ABlMipeM  rajr  Mdiifliiboe  in  fko  nnh»  of  ezittiBg 
mmm  ia  teo  It  oqm*  wIiM  m  Mi  iftniwble  to  aariofyy  mleeii 
ifcojr  bo  pioAnPod  by  iIm  pieigBtMdfo  dbvolopvoM  of  boniaB  power,  of 
perhaps  by  some  othflr  mw  relations  which  may  hereafter  spring  up 
between  the  moral  and  material  worlds.  In  the  same  manner,  when  we 
speculate  on  Uic  vicissitudes  of  the  auimnte  and  inanimate  creation  in  fur- 
roer  ages,  we  ought  not  to  look  for  any  anomalous  resuli.s,  nnless  w  l.ere 
man  lias  interlcred,  or  miless  dear  iadicotions  appear  of  some  othartiiora/ 
source  of  temporary  derangement. 

For  the  discus&ion  of  other  popular  objections  advanced  against  the 
docinnc  of  the  identity  of  the  ancient  and  modern  causes  of  change, 
especially  those  founded  on  the  supposed  suddeoMss  of  general  eatas* 
trophes,  and  the  transition  from  one  set  of  organic  remains  to  aaotfaert  I 
MSI  wfer  to  the  4lh  Beak.  lo  ibe  mean  time,  wheo  diflooltiss  arise  in 
interpreting  the  OMinvments  of  the  past^  1  deem  it  iMffO  eooebtent  with 
philosopbkol  eaoiion  to  refer  them  to  our  present  ignorance  of  all  the 
onsiuig  ^^tit  or  all  thoir  peseihii  oflbeis  in  an  indefioito  lapse  of  timet 
Ami  to  oooeee  fomeity  in  operitloiit  but  wbieli  hafo  oeaeed  to  aets  and 
if  in  any  part  of  the  globa  tbe  eneigj  of  a  eaoaa  aj^taara  to  bafo  daeioaaed« 
I  conaidor  it  mora  probable  that  iba  dimlootaon  of  tntaniity  in  ila  aeiiott 
ia  moioly  local*  than  that  in  Ibfeo  ia  impaiiad  tloonghout  tbe  wbola  globo* 
Bat  ahonid  there  appear  leaaoQ  lo  believe  that  eerlain  agents  havet  atpar- 
danlar  porieda  of  paat  timoy  been  more  potent  inatmmeata  of  ehange  over 
llie  onlira  emfaeo  of  the  earth  than  thej  now  ai»«  it  ia  atill  more  eonaiatent 
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vhh  mloor  to  pfMBM»  that  wMt  inttm]  of  quiatcwiee  ttMjr  will 
vaeovw  thdr  pritliBe  vigoar,  than  to  inngiae  that  iIm^  m  womiMt. 

The  geologist  who  oiMta  to  the  trolh  of  tlMoo  pritidploi  wiD  dooai  it 
incombent  on  htm  lo  enuniDO  wMi  nioale  sttonlkMi  all  tho  ehangas  now 

in  progress  on  the  earth,  and  will  regard  every  fact  collected  respecting 
the  c.uises  in  diurnal  action,  as  affording  him  a  key  to  ihe  iiiterpreialiuii 
oi  boiiiu  mystery  111  die  archives  of  remote  ages.  His  et^iirunie  of  the 
value  of  geological  evidence,  aiul  his  interest  in  the  investigation  of  the 
earth's  history,  wili  depend  entirely  on  the  degree  of  confidence  which 
he  fet^ls  in  regard  to  the  permanency  of  the  preat  canse.s  of  chanrrp. 
Their  constancy  alone  will  enable  him  to  reason  from  analosfv,  and  irj 
arrive,  by  comparison  of  the  state  of  iliin<^rs  at  distinct  epochs,  at  the 
knowledge  of  the  general  laws  which  govern  the  economy  of  our  system. 

The  uniformity  of  the  plan  being  once  assumed,  events  which  hava 
ooeorred  at  the  most  distant  periods  in  tlie  animate  and  inanimate  world 
will  be  ackoowledgod  to  thtow  light  on  aneli  othary  and  the  defieienex  ol 
our  information  laapeeting  some  of  the  most  obscnra  parte  t>f  the  preaent 
malion  will  be  removed.    For  as,  byatndying  the  external  aonignniliott 
of  tho  oiiating  land  and  ita  iahabitanti«  we  may  maloio  in  iongtnaiion  tho 
nppoavanea  of  the  ancient  oontinanta  whioh  hai*  paaaad  nwajr«  ao  mmj 
we  obtain  ftom  the  depoaite  of  anaiont  aaaa  and  hkaa  an  inaigbt  into  tho 
natom  of  tho  anbaqooona  ptoaeaaaa  now  in  opantion»  and  of  aianj  fynm 
of  oiganiB  lifc,  whieh,  thoogb  now  oxiating,  are  YoiM  ftmn  eight.. 
Boeka,  alao,  pradnead  by  aobtomnaan  fire  hi  fonaar  agoa  at  giant  daptha 
in  tho  bowola  af  the  aardi,  preaant  na,  whan  npiaiaad  by  gradoal  nMifo- 
aante,  and  oipdaad  lo  the  light  of  haafon,  with  an  image  of  thoee 
duttgea  whieh  the  deep  aaalad  voleano  may  now  occasion  in  the  nether 
regions.    Thus,  although  we  are  mere  sojourners  on  the  surface  of  the 
planet,  chained  to  a  mere  point  in  ^pncc,  enduring  but  for  a  moment  of 
time,  tlie  human  mind  is  nut  only  enabled  to  number  worlds  beyond  the 
unassistCLl  ken  of  mortal  eye,  but  lo  trace  the  events  of  indefinite  nacs 
before  tfie  creation  of  our  race,  and  is  not  even  wuhheld  from  peneiraimg 
into  the  dark  secrets  of  tlie  ocean,  or  the  interior  of  the  solid  globe;  free» 
iikt  the  (^irit  which  the  poet  described  aa  anunaiing  the  imivecse. 

 ire  per  t*iiiut-s 

Tcxros^uci  tractUAque  marU|  c<»luiu<{u«  pioluudum. 
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CHAPTER  I. 

DtYiaion  of  the  subject  into  changf  a  ol  the  organic  and  inorganic  world — laorgauitf 
camee  of  cbaxige  Into  aqfilBOM  nd  igneon*— Aqueous  oamee  first  coaai' 

Amm  Two  Jnmm  wbtm  aallsdd*  mot  oeen^aM  <f  dmiliiiiutilw  (p,  1TI.>— 

Heavy  mattrr  removed  bj  toR6iili  tad  floode—reoent  inuadatioiui  ia  flnoflind 

Effects  of  pliciers  and  icebergs  in  removinjf  stones — Krosion  of  chasms  thiougfa 
hard  rocks  {  [>  174  > — Firavatioris  in  ihc  lavas  of  Ktua  by  Sicilian  xi?eni~»CKMI|{9 
of  the  Simeto— Gradual  recession  oi  the  cataracts  of  Niagara. 

JHtnnon  of  the  mbjtct. — Geology  was  defined  to  be  ihc  science  which 
inveslig^ates  the  former  change?*  ihut  have  taken  place  in  the  orgaiuc,  as 
well  as  in  the  inorganic  kuigdoms  of  nature ;  and  we  may  next  proceed 
to  inquire  what  chang^es  are  now  in  progretiB  in  both  these  departments. 
VicisfitndeM  in  the  inorganic  worhl  are  most  apparent;  and  as  on  thena 
all  liucmaiinns  in  the  animate  creation  must  in  a  g^rent  mrnsure  dcjientl, 
they  may  chum  our  first  consideration.  The  jjrcal  at^cnts  of  chani^e  in 
the  inorganic  world  may  be  divided  into  two  principal  classof^,  the  aque* 
mtm  wdA  the  igneous.  To  the  aqueous  belong  Rifeni«  Torrents,  Springs, 
OmeRtit  aad  Tides ;  to  the  igneoiWt  Voknuiot  and  Earthquakes.  Both 
IbiM  dMM  lit  inttrumeBts  of  decay  as  wtll  as  of  reptodMtiqB  |  b«t 
Ibef  WKj  tlio  bt  npnkd  at  tm^^onist  forces.  For  the  aquetvt  ^[tiili 
m  laottBantly  labourite  t0  mdntt  tbt  iatqualities  «f  iIm  earth*t  torltet 
10  %  kVili  who*  tbt  igMOt  tit  tqvally  aellftt  in  littorittg  Um  «itf«fr> 
wm  of  ibt  todtiMl  cmt,  ptilly  by  bttping  «p  mw  tMtltr  in  ttrttm 
ittijititt,  and  fwrily  by  dtptftrif  oat  poiliM»  tod  kmttg  mtx  tBodm , 
tf     taytb*t  Midopt* 

li  it  Mtolt  m  B  ttiimMn  toi^tft,  lo  givt  tn  atomlt  mw 
«f  the  towbln^d  «flbtli  «r  to  My  tanm  in  ti— litntBit  tptalimii 
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because,  when  we  consider  them  separately,  we  cannot  easily  estimate 
either  the  extent  of  their  efficacy,  or  the  kind  of  results  which  they  pro- 
duce. We  are  in  dang^er,  therefore,  when  we  attempt  lo  examine  the 
influence  exerted  singly  by  each,  of  overlooking  the  moditications  which 
they  produce  on  one  another;  and  these  are  so  complicated,  thai  some- 
times the  ig^neous  and  aqueous  forces  co-operalc  lo  produce  a  joint  ctrect, 
to  which  neither  of  litem  unaided  by  the  other  could  give  rise, — as  when 
repeated  earthqaekee  nnite  wttk  reliBilig  ^ater  to  widen  e  valley;  or 
when  a  thermal  spring  rises  up  from  a  great  depths  and  conveys  the 
mineral  ingredienta  with  which  it  i«  impregnated  lirom  the  interior  of  the 
earth  to  the  fentfacd.  S^mettmeft  ike  organic  combine  with  the  inor- 
ganie  eaneea;  aa  when  a  reeft  compoeed  of  ahelle  and  eonla»  proteda  one 
line  of  eoaat  from  the  deelroying  power  of  tidea  or  cnnettta>  and  tttma 
them  againat  aome  other  point;  or  when  drift  timber»  floated  mto  a  lako, 
fiUa  a  hollow  to  whieh  the  atream  would  not  have  had  enifieient  velooily 
to  eonvey  earthy  eediment. 

It  u  neoeasary,  however*  lo  divide  our  oheervatione  on  these  various 
eaniea,  and  to  claasify  them  ayatemalieally,  endeavouring  aa  much  aa 
possible  to  keep  in  view  that  the  effeeto  in  nature  are  mixed^  and  not 
eimple,  as  they  may  appear  in  an  artificial  arrangement. 

In  treating,  in  the  hrst  place,  of  the  aqueous  causes,  we  may  consider 
them  under  two  divisions  :  first,  those  which  are  connected  with  the  cir- 
culation of  water  from  the  land  to  the  sea,  under  which  are  included  all 
the  phenomena  of  rivers  ami  springs  ;  secondly,  those  which  arise  from 
the  moveracntf  of  water  in  lakes,  seas,  and  the  ocean,  wherein  are  com- 
prised the  phenomena  of  tides  and  currents.  In  turniag  our  attention  to 
tho  former  division,  we  find  that  the  effects  of  rivna  may  be  aubdivided 
into  Uioee  of  a  destroying  and  those  of  a  renovating  nalnre;  in  the 
deilfoying  are  ineladed  the  evoaion  of  rocks,  and  the  transportation  of 
matter  to  lower  levela ;  in  the  renovating  class,  the  ioraMlion  of  dekaa  by 
the  influx  of  lediment,  and  the  ehallowing  of  seas. 

Attwn  9f  running  t0«f sr.— I  ahall  begin»  then*  by  deeeribing  dm 
deatfoytng  and  tranaporling  power  of  running  wator«  aa  exhibiled  by  toi^ 
rents  and  rivers*  It  ia  well  known  that  the  landa  elevaled  above  Ibe  aea 
nttraet,  ia  proportion  lo  their  volume  and  density,  a  laiger  quantity  uf 
that  aqueoua  vapour  which  the  heated  almoepfaere  eontimaliy  abeorim 
from  the  avrfaee  of  lakea  and  the  oeean.  By  theae  meanai  the  higher 
regions  become  perpetual  reservoirs  of  water,  whioh  descend  and  irrigalo 
the  lower  valleys  and  plains.  In  consequence  of  this  provision,  almost 
all  the  water  is  lirst  carried  to  ilie  highest  regions,  and  is  iheii  made  to 
descend  by  steep  declivities  towards  ihe  sea;  so  that  it  acquires  superior 
velocity,  and  removes  a  greater  quamiiy  of  soil,  than  it  would  do  if  the 
rain  had  been  distributed  over  the  plains  and  mountains  equally  in  pro- 
portion to  their  reiative  areas.  Almost  all  the  water  is  also  made  by  ihese 
means  to  pass  over  the  greatest  distancea  wliich  each  region  a&mUt 
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before  it  esn  regain  the  sea.    The  rocks  alvo,  in  the  higher  regions,  are 

particularly  exposed  to  atmosplienc  intiuences,  io  frost,  rain,  and  vapour, 
and  lu  gre<iL  aauuai  aitcrnaUons  ol  cold  and  heat,  of  moUiurc  aad  desio* 
cation. 

Jts  dtstroy'uig  and  transporting  poirfv. — Among  the  most  powerfui 
agcnis  of  decay  may  be  mentioned  lliat  properly  of  waler  whieii  causes  it 
to  expand  during  congeiaiion  ;  so  that,  when  it  has  penetrated  into  the 
crevices  of  the  most  solid  rockit  it  Mode  them  open  on  freezing  with 
mechanical  force.  For  this  reason,  aitiunifh  in  coU  emanates  the  com- 
parative qoanti^  of  rain  which  falls  is  veiy  inferioft  and  alihough  it 
descende  more  giBdaally  than  in  tropical  regions,  yet  the  eeferity  of  froet, 
and  the  greater  ineqaalities  of  temperatore,  eompeiuate  in  lome  degree 
for  this  lUminiahed  sonrce  of  degradation*  The  aolvent  power  of  water 
ileo  is  very  great,  and  sets  particularly  on  the  calcareous  and  alkaline 
elements  of  stone,  especially  when  it  holds  carbonic  acid  in  soluttont 
which  is  abundantly  snppUed  to  almost  every  large  river  by  springs,  and 
is  collected  by  rain  from  the  atmosphere.  The  oxygen  of  the  atmos- 
phere is  also  gradually  absorbed  by  dl  animal  and  vegetable  productions, 
and  by  almost  all  mineral  masses  exposed  to  the  open  air.  It  gradually 
destroys  the  equilibrium  of  the  elements  of  rocks,  and  tends  lo  reduce 
iuio  powder,  and  to  render  ht  for  soils,  even  the  hardest  aggregates 
belonging  lo  our  globe.* 

When  earlhy  matter  has  om  e  been  iiUermixed  with  running  water,  a 
new  ineefianieiil  power  is  obtained  by  the  attrition  of  saiui  and  pebbles, 
borne  along  witli  violence  by  a  stream.  Running  water  charged  with 
foreign  ingredients  being  thrown  against  a  rock,  excavates  it  by  mechani- 
cal force,  sapping  and  undermining  till  the  superincumbent  portion  is  at 
length  precipitated  into  the  stream.  The  obstruction  causes  m  temporary 
increase  of  the  water,  which  then  sweeps  down  the  barrier. 

SwM09Uu$  ^  iKvers.»By  a  repetition  of  these  landslips,  the  ravuae  is 
widened  into  a  small,  nanow  valley,  in  which  sinnosities  are  caused  by 
the  deflftiion  of  the  stream  first  to  one  side  and  then  lo  the  other.  The 
unequal  hardness  of  the  malsrisis  through  which  the  channel  is  eroded, 
lends  partly  to  giie  new  directions  to  the  lateral  force  of  exeafetion. 
When  by  these,  or  by  socidental  shifUngs  of  the  alluvial  matter  in  the 
channel,  and  numerous  other  causes,  the  current  is  made  lo  cross  its 
general  line  of  descent,  it  eats  out  a  curve  in  the  opposite  bank,  or  in  ihe 
side  of  the  hills  bounding  the  valley,  from  which  curve  it  is  turned  back 
again  at  an  equal  angle,  so  that  it  recrosses  ihe  line  of  descent,  and 
gradunliy  hollows  out  another  curve  lower  down  in  tlie  opposite  bank, 
till  the  whole  sides  of  the  valley,  or  river-bed,  present  a  succession  of 
salient  and  retiring  angles.  Among  the  causes  of  deviation  from  a  siraigbi 

*  Sir  H.  Davy,  CoasoUtions  in  Travel,  p.  271. 
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MiM  by  wUdilomnti  snd  rifflu  tend  in  mamtainoM  Mgicni  to  widen 
HhB  Tdltft  ilimgli  wlneh  Uwj  flow,  majr  tw  neationed  ihe  coofloenee 
of  lalBiil  torrairtt,  twola  img^dnly  tt  dtBiwwiitnMiAfl  by  partial  ^lonBii» 
and  difcharguig  at  difierent  times  unequal  qoanlitiM  of  dititli  into  Ibe 

main  clvannel. 

Wlieri  ilie  tortuous  flexures  ot  a  river  arc  cxuejiicly  ^^reat,  the  aberra- 
tion from  ilie  direct  line  of  descent  is  often  restored  by  ilie  river  culling 
througli  the  isthmus  which  separates  two  neighbouring  curves.  Tlius,  in 
the  aimexed  diagram,  the  extreme  siauasity  of  the  river  has  caused  it  to 


letain  for  alvlef  space  in  a  contrary  diroetlon  to  ila  main  ooonot  ao  that 
a  penlnsola  it  Ibimed,  and  the  isthmat  (at  a)  is  eoniomed  on  both  sidea 
by  currents  flowing  in  opposite  direeiions.   In  this  ease  an  island  is  aooa 

formed, — on  either  side  of  which  a  poriion  of  the  stream  usually  remains. 

Transporting  power  of  water. — In  regard  to  ihe  transporting  power  of 
water,  we  uia.y  orien  be  surprised  at  the  facility  wiili  which  streams  of  a 
small  size,  and  descending  a  slight  declivity,  bear  along  coarse  sand  and 
gravel ;  for  we  usually  estimnte  tlic  weight  of  rocks  in  air,  and  do  not 
reflect  on  their  eomparaiive  buoyancy  when  submerged  in  a  denser  fluid. 
The  specific  gravity  of  many  rocks  is  not  more  than  twice  that  of  %vatpr, 
and  very  rarely  more  than  thrice,  so  that  almost  all  the  fragments  prd- 
pelled  by  a  stream  have  lost  a  ihirdf  and  many  of  ihem  haUV  of  what  we 
usually  term  their  weight.  ' 

It  hks  been  proved  by  experiment,  in  contradiction  to  the  theoriea  of 
flie  eaiiier  writan  on  hydrostatics,  to  be  a  universal  law,  tegnlating  the 
motion  of  running-water,  that  the  velocity  at  the  bottom  of  the  stoeam  fa 
every  where  leaa  than  in  any  part  above  it,  and  ia  grealeat  at  the  aoffaee. 
Alao,  that  the  aopevficial  partielee  in  the  middle  of  the  stream  move 
awifler  than  thoee  at  the  sidea.  nia  retardaUon  of  the  loweat  and  lateral 
cnrrenta  is  produced  by  iHctioa ;  and  when  the  veUmity  is  snflldenfly 
great*  the  soil  oompoeing  the  sides  and  bottom  gives  way.  A  velocity 
of  three  inches  per  second  at  the  bottom  is  ascertained  to  be  sufficient  to 
tear  up  flne  clay,*-six  inches  per  second,  flne  sand,^welve  inches  per 
second,  flne  gravel,— end  three  feet  per  second,  stones  of  the  siie  of  aa 
egg.* 

When  this  mechanical  power  of  running  water  is  considered,  we  are 
prepared  for  the  transportalion  of  large  quunuiiett  ui  gravel,  saud,  and 

*  Kapje.  Brit— «t  Bivan* 
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mod,  by  the  torrents  and  rivers  which  descend  with  great  velocity  from 
mountainous  regions.  But  a  question  naturally  arises,  how  ihe  more 
tranquil  rivers  o!  ihc  valleys  nnd  plains,  flowing  on  comparaiively  level 
ground,  can  remove  the  prodigious  burden  which  is  discharged  into  them 
by  their  numerous  tributaries,  and  by  what  means  they  we  embied  to 
eonrey  the  whole  mass  to  the  sea.  If  they  bed  not  tbie  lemoving  power« 
their  chiniiels  would  be  annually  choked  up,  and  the  valleys  of  the  lower 
eoontiyt  and  plaina  at  the  baae  of  mountain-chains,  would  be  eonlUMially 
■Hewed  ofer  with  fcagmenta  of  roek  and  aterile  sand.  Bnt  thk  evil  if 
praTenled  hy  a  general  law  legalating  the  eondnet  of  nnming  watei^^ 
that  two  eqnal  alieaaw  do  nota  when  nnitad*  ocenpy  a  bed  of  donble  •or* 
faee*  In  odier  words,  when  aeverri  riven  nnite  into  one,  the  rapeifieial 
area  of  the  fluid  maea  ta  hr  leaa  than  that  previonaly  oeenpied  by  the 
aepaTnle  atreama.  The  eoUeetiTO  watera,  inatead  of  apreiding  themaelvee 
OQt  over  a  larger  horizontal  space,  contract  themselves  into  a  eohimn  of 
which  ihe  heiglit  is  greater  relatively  to  its  breadth.  Hence  a  smaller 
proportion  of  the  whole  is  retarded  by  friction  against  the  bottom  and 
sides  of  the  channel;  and  iii  this  manner  the  main  currenl  is  often 
accelerated  in  the  lower  country,  even  where  the  slope  of  the  river's  bed 
is  lessened. 

It  not  unfrequcnth'  happens,  as  will  be  after  wards  demonstrated  liy  ex- 
amples, that  two  large  rivers,  after  ihcir  junction,  have  only  the  surface 
which  one  of  them  had  previously ;  and  even  in  some  cases  their  united 
waters  are  confined  in  a  narrower  bed  than  each  of  them  tilled  before. 
By  thia  beantiful  adjnatment*  the  water  whieh  draina  the  interior  eountry 
ii  made  eontinually  to  oeeopy  leaa  room  as  it  approaches  the  Bea;  and 
Ihoa  the  moetTaluable  part  of  oar  eontinenta»  the  rieb  deltas,  and  great 
lUaTial  plaina,  are  prevented  from  being  eonatantly  nnder  water.* 

Moodt  in  Seodmdf  1889.F^Many  remarkable  illnatrationa  of  the 
power  of  running  water  in  moving  atonea  and  heavy  materiala  were 
allbfded  by  the  atorm  and  flood  whieh  oeonned  on  the  8d  and  4tli  of 
Aagnat,  1829,  in  Aberdeenihiie  and  other  eoantiea  in  Scotland.  The 
elementa  during  thia  atorm  asaumed  all  Uie  eharaeteia  whieh  mark  the 
tropical  horrieanea ;  the  wind  blowing  in  andden  goals  and  whiriwinda, 
the  lightning  and  thunder  being  such  as  is  rarely  witneseed  in  our 
climate,  aitd  heavy  rain  falling  without  intermission.  The  tlooda 
eiiended  almost  simuhaneously,  and  with  equal  violence,  over  that  part 
of  the  north-eaft  of  Scotland  which  would  be  cut  off  by  two  lines  drawn 
from  the  head  of  Lochrannoeh,  one  towards  Inverness  and  the  other  to 
Stonehaven.  The  uniled  line  of  the  diHerent  rivers  which  were  tlooded 
could  not  be  less  than  from  tive  to  six  hundred  miles  in  length;  and  the 
whole  of  their  courses  were  marked  by  the  destruction  of  bridges,  roads, 

*  flee  aitiele  Rivsis,  Ba^e.  Brit 
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tbiny-eight  bridgWf  cad  III*  mUke  dJifwuion  «f  a  great  whoHkt  of  finM 

and  ham  lots.  On  the  Nairn,  a  fragment  of  sandstone,  fourteen  feet  long 
by  three  feet  wide  and  one  foot  thick,  was  carried  above  two  hundred 
y:\rds  down  ihe  river.  Some  new  raviaes  were  roriij*u!  on  ihc  siidos  ol 
mouiiujns  where  no  streams  had  previously  ilowi d,  and  ancient  river- 
chnnnels,  wtiicii  liad  never  been  ^died  trom  tinae  immeoiorial,  gave  pasA- 
age  to  a  copious  llood.* 

The  brn]'jii  over  the  Dee  at  Ballatu  con-si^^u•d  ot  live  arches,  havin? 
upon  ilie  whole  a  w  Uer-wny  of  260  feet.  The  bed  of  the  river,  on 
which  the  piers  rested,  was  composed  A)f  rolled  pieces  of  granite  and 
gaeisa.  The  bridge  was  built  of  granite,  and  had  stood  uninjured  for 
twenty  years ;  but  the  ditfnmit  parts  wm  swept  away  in  succession  by 
tft»  flood*  and  the  wbc^  maaa  of  aweonry  disappoand  in  the  bod  o£  tim 
liver.  **Tiio  rivor  Don*"  oboorfoo  Mr.  Farqoliarson,  io  bit  account  oC 
llni  imuidatioiiit  ^*  Ini  opon  my  own  pnmiaot  teeed  t  nof  s  of  four  or 
fivo  hoodtod  loDi  of  itoiioit  bobj  of  ihoni  two  or  thioo  bvodrod  pomidt 
woigbt,  op  wm  ioeliiiod  ploao,  fitiiig  tiz  feet  m  oigbt  or  tea  yaide,  aid 
loft  tbem  u  a  reecuigalar  heap,  about  three  ftot  doept on  aflat  groood 
the  heap  eoda  abroptly  at  its  lower  oztreiiiity.'*t 

The  power  ofon  of  o  saall  rlmlet,  whoa  ewolo  by  rain,  n  loaoviog 
heavy  bodies,  was  lately  exemplified  m  the  College,  a  email  ilream  wbieb 
flows  at  a  modetale  deeUvity  from  the  eastern  watei^hed  of  tbo  Gbovio^ 
Hills.  Several  tboueand  toao*  weight  of  gravel  aad  eaad  wore  traoeponed 
to  the  plain  of  the  TIU,  and  a  bridge  then  in  progress  of  boilditig  wee 
carried  away,  some  of  the  arch-stones  of  which,  weighing  from  half  to 
ihree-quaricrs  ui  a  tun  each,  were  propelled  two  miles  down  the  rirulet. 
On  the  same  occasion,  the  current  Uire  aw^n-  from  ifie  abuliueiit  of  a 
mtl!-dam  a  larsre  block  of  greenstone-purpliyry,  weighing  nearly  two 
ion>;.  find  traiisporied  it  to  the  distance  of  a  quarter  of  a  mile.  Instances 
are  related  as*  occarrinii  repeatedly,  m  w  hiefi  Iroin  oi\e  Lo  three  thousand 
tone  of  gravel  are,  in  Hk.c  manner,  removed  by  this  streamlet  to  still 
greater  distances  in  one  (iay.r 

In  the  cases  above  adverted  to,  ttie  waters  of  the  river  and  torrent  were 
dammed  back  by  the  bridges,  which  acted  as  partial  barriers,  and  illustrate 
the  irresistible  force  of  a  current  when  obstructed.  Bridfoe  aio  also  liable 
to  bo  deatroyod  by  Ibe  tendency  of  rivers  to  shift  their  course,  whereby 
the  pier>  or  the  rock  on  which  the  foundatioM  sleiidef  ie  ondermined. 

Whoft  we  cooaider  how  Insignificant  are  ihe  volume  and  velooity  of 
the  rivers  and  sireama  ia  oar  mlaiidt  when  compared  to  thoio  of  tbo  Alpo 
aod  othor-loAy  ebaiiia»  ami  bow*  doling  tbo  aaoeeeaivo  obaafea  which  ibo 

*  Sir  T.  D.  Lauder's  Account  of  Uie  Great  Floods  in  Morayshire,  Aug.  1629. 

f  Quarterly  JoufQ.  of  Sei.  &e.  No.  xii  New  Series,  p.  331. 
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ievels  of  various  districts  have  unc]ergnne»  the  conungeucies  wliich  g^ive 
ri?»€  to  tloods  m\isl  have  been  inuhiplie'l,  we  may  easily  conceive  thai  ilio 
quanitiy  of  Jaose  superlieial  mailer  distributed  over  Europe  must  be  con- 
siderable. Tiiat  the  position  also  of  a  great  portion  of  these  travelled 
materisis  should  now  appear  most  irregular,  and  should  often  beidr  no 
nlaticNi  to  Ibe  existing  water-drainage  of  the  ooontry,  is  a  necessary  con« 
aeqaeiieet  shall  eftorwaidi  aee»  of  the  oombiMd  opentioiis  of  ran* 
mng  water  and  subtemnen  moveinenis. 

Sjfkets  of  ice  in  remmtmg  tfenei ^Id  'inoiiiitaiooDe  regione  end  high 
MHtfaem  Mtidost  the  morbg  of  hecry  etonce  by  water  ie  gieettjr 
HBeted  by  the  iee  whidi  edheiee  to  theiBt  Hid  whichv  forming  together 
with  tho  roek  a  Bnee  of  lew  epeeifie  gravity,  ie  readily  home  eloog.* 
The  eaow  wineh  telle  on  the  ennoitte  of  the  Alpe  thioughon^  iiiae 
Boiidie  of  the  year  ie  drifted  into  the  higher  velleye,  end  being  preaeed 
downward  by  ite  own  weight,  fomie  thoee  wMum  of  iee  end  eaow  edied 
g§aeitr9.  Large  portions  of  these  often  descend  into  the  lower  vdleys, 
where  ihey  are  seen  in  the  midst  of  foresia  aixl  green  pastures.  The 
mean  depth  of  the  glaciers  descending  from  Mom  Blanc  is  from  80  to 
100  feel,  and  in  some  chasms  is  seen  to  amount  to  600  fect.t  Tlie  sur- 
face of  the  moving  mass  is  usually  loaded  wiifi  sand  and  IdrnQ  stones, 
derived  from  the  disintegration  of  the  surrounding  roek?  aeied  upon  by 
frost.  I'hese  transported  materials  are  generally  arranL'cd  in  )on<^ 
ridges  or  mounds,  sometimes  thirty  or  forty  feel  high.  They  are  often 
two»  three,  or  even  more  in  number,  like  lo  many  lines  of  intrenchment, 
end  consist  of  the  debris  which  have  been  brought  in  by  lateral  glaciers. 
The  whole  eeeamalation  is  called  in  Switzerland  **  the  mominet"  which 
ie  elowly  conveyed  to  inferior  valleya,  end  left  where  the  enow  and  ice 
laelt,  apon  the  plain,  the  laiger  bloeke  remaining,  and  the  emaller  being 
ewepi  away  by  the  etreem  to  whidi  the  melting  of  the  ioe  givee  riae. 
Thie  etreem  flowe  tlong  the  bottom  of  eaeh  glieier  iesning  fima  an  ereh 
at  lie  lower  extremity. 

In  northern  hoitudee,  where  glMners  deeeend  into  valleys  terminating  ^ 
in  the  eea,  great  maeaee  of  iee,  on  arriving  at  the  ehore,  are  occeaioiially 
detached  end  floated  off  together  with  their  moraine.**  The  eurrente 
of  the  oeean  are  then  ofWn  instmmental  in  transporting  them  to  great  Vf 
distances.  Scoresby  counted  500  icebergs  drifting  along  in  latitude  89° 
and  70  north,  which  rose  above  the  surface  from  the  height  of  100  lo  200 
feet,  and  measured  from  a  few  yards  to  a  mile  in  circumference4  Many 
of  these  contained  strata  of  earth  and  stones,  or  were  loaded  with  beds  of 
rock  of  great  thick ne?ri,'*of  which  the  weight  was  conjectured  lo  be  from 
50,000  to  100,000  tons.  Such  bergs  must  be  of  jrrent  magnitude; 
because  the  raaaa  of  ice  below  the  level  of  the  water  is  between  seven 

I 

4 

*  SiUiman'B  Journal,  No.  xxx.  p.  303. 
f  Saossofis,  Voj.  dans  1m  Alpes,  torn.  i.  p.  44(K 
t  Voysge  in  1888,  p.  833. 
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tin  CalUbitno  on  tha  ewlm  tide  of  Etaat  hit  aot  yet  eat  down  to  tko 

ancient  bed  of  which  it  was  digpoflsessed,  and  of  which  the  probable  poal* 
ilou  ia  indicated  ill  the  anni'xed  dia^rrani,  (c,  Vit^.  8.) 

On  entering  the  narrow  rayme  where  the  water  foams  down  the  two 
catara'^ts,  we  are  entirely  shutout  from  all  view  of  ihu  burfounding  coun- 
try ;  and  a  geoiogisl  who  is  accustomed  to  associate  the  charACteristic 
features  of  the  landscape  with  the  relative  a^^c  of  certain  rocks,  can  scarce- 
ly dissuade  himself  from  the  belief  that  he  m  contemplatin<T^  a  scene  in 
some  rocky  gorge  of  a  primary  district.  The  external  forms  ui  ihe  hard 
bloe  lava  are  as  massive  as  any  of  ihe  most  ancient  trap-rocks  of  2Scot- 
land.  The  aolid  aorface  is  in  aone  parts  smoothed  and  almost  polished 
by  attrition,  and  eoYered  in  otbera  with  a  white  lichen,  which  imparts  to 
it  an  air  of  extrtme  antiquity,  so  as  gnady  to  heighten  the  delusion.  But 
the  moment  we  re-aseond  the  cliff  the  apell  ia  broken:  for  we  aeaicoly 
recede  a  fcf^  paces,  before  the  raTino  and  river  dasappeart  and  we  stand 
on  the  blaek  and  nigged  sorface  of  a  vast  current  of  lava,  whieh  seems 
unbroken,  and  which  we  can  trace  up  nearly  to  the  distant  summit  of  that 
majestic  cone  which  Pindar  called  *<  the  pillar  of  heaven,**  and  whieh  still 
continues  to  send  forth  a  fleecy  wresth  of  vapour,  fominding  us  that  its 
fires  are  not  extinct,  and  that  it  may  again  give  out  a  rocky  stream, 
wherein  other  scenes  like  that  now  described  may  present  themselves  to 
future  observers. 

Falls  of  Aiagara.'^The  falls  of  Niagara  afford  a  mngnificent  example 
of  the  progressive  excavation  of  a  deep  valley  in  solid  rock.  That  river 
flows  from  Lake  Erie  to  Lake  Ontario,  the  former  lake  being  330  feet 
above  ([.f  latter,  and  liie  distance  between  them  being  thirty-two  mile?. 
On  flowing  out  of  the  upper  lake,  the  river  is  almost  on  a  level  with  its 
banks ;  so  that,  if  it  should  rise  perpendicularly  eight  or  ten  feet,  it  would 
lay  under  water  the  adjacent  flat  country  of  Upper  Canada  on  the  West, 
and  of  the  Stste  of  New  York  on  the  East.*  The  river,  where  it  issues, 
is  about  three-quarters  of  a  mile  in  width.  Before  reaching  the  fsUs,  it  is 
propelled  with  great  rapidity,  being  a  mile  broad,  about  twenty-five  feet 
deep,  and  having  a  descent  of  fifty  feet  in  half  a  mile.  An  Island  at  the 
very  verge  of  the  cataract  dividea  it  into  two  sheets  of  water;  one 
of  these,  called  the  Horse-shoe  FsU,  is  600  yards  wide,  and  168 
feet  perpendicnlar;  the  other,  called  the  American  Falls,  is  aboot 
800  yards  in  width,  and  104  feet  in  height.  The  breadth  of  the 
island  is  aboot  five  hundred  yards.  This  grsat  sheet  of  water  is  precipl* 
tated  over  a  ledge  of  hard'limestone,  in  horizontal  strata,  below  which  ie 
a  somewhat  greater  thiekness  of  soft  shale,  which  decays  and  crumbles 
away  more  rapidly,  so  that  the  calcareous  rock  forms  an  overhanging 
mass,  projecting  forty  feet  or  more  above  the  hollow  space  below. 

The  blasts  of  wind,  charged  with  spray,  which  rise  out  of  the  pool 

*  Captain  Hall' a  Travels  in  North  America,  vol.  L  p.  179. 
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into  whiflk  this  enormous  cascade  is  projected,  strike  agfainst  ti>e  siiaie 
beds,  so  that  their  disintegration  is  constant  :  ami  tlio  siiperincumbent 
limestone,  being  left  wiiiioul  a  touadauon,  falls  Irutn  luue  lo  time  in  rocky 
masses.  WJien  these  enormous  fragments  descend,  a  shock  is  felt  at 
some  distance,  accompanied  by  a  noise  like  n  distant  clap  of  thunder. 
After  the  river  has  passed  over  the  falls,  its  cliarai  icr,  olisci  ves  Captain 
Halt,  is  immpdint«»ly  and  coniplctely  changed,  li  ilicii  runs  furiously 
along  the  boiiorn  oi  a  deep  wall-sided  va]!f»y,  or  huge  trench,  which  has 
been  cnt  into  the  horizontal  strata  by  tiie  contuuied  action  of  the  Slream 
during  the  lapse  of  ages.  The  cliffs  on  both  sides  are  in  most  places  per- 
pendicular, and  tfa0  ntiM  ic  only  peieeivfld  tm  ■pppuhinf  ikm  of 

The  wiitn«  which  expand  at  the  falls,  where  tbey  tm  dividad  by 
island,  are  contracted  again,  afiar  thair  ttoion,  into  a  stream  not  more 
tbaa  160  yards  broad*  lo  tba  Miiow  cinanal,  iouMdmldy  bdov  Ihia 
lmm0mt  rath  af  watar«  a  boal  otn  pav  aoiait  dia  stroaM  with  mm* 
Tha  pad,  it  li  nidt  into  whieh  tha  aBlanet  it  piaeipttalidt  hmn^  170  Aai 
daap^  tba  deiatndiay  vaUf  iialui  dawn  tad  knm  la  aodar^naat*  whiit 
a  aopavfiatal  addy  cuiias  tba  appor  fSntaai  badt  iMPanb  iha  auda  iULt 
Tint  is  aal  isprobaUa ;  aad  wamaft  abn  mpposa,  tbat  i1m  aoalfaiMMaaf  i 
fba  two  atnansy  wblcb  lasot  ■!  a  eoaiMinbIa  aofiat  tondo  MCmtty  la 
MQtfaliia  their  Ibiaes.  Tba  bad  of  tba  ri? ar  balow  tha  faUa  it  ttiawad 
ofar  with  hvfa  Ingnienia  which  liafa  been  hailed  down  iato  tlia  abyee. 
By  llie  coatiBoed  desiroetion  of  the  roeks«  the  lelle  hmie,  withia  die  Beat 
forty  years,  receded  nearly  fifty  yards,  or,  in  other  words,  the  ravine  has 
been  prolonged  to  that  extent.  Through  this  deep  chasm,  the  Niagara 
flows  for  about  seven  imUs  ;  and  then  the  table-land,  which  is  almost  on 
a  level  with  Lake  Erie,  ««uud(.'iil\'  !?iiiks  down  at  a  lo\\  n  called  Queens- 
town,  and  ilie  river  emerges  fiuui  ihe  ravine  into  a  plain,  which  conuaues 
to  the  shctres  of  Lake  Ontario. 

Recession  of  the  Falls. — There  seems  iraod  foundation  for  the  general 
07>inion,  thai  the  falh  were  onro  at  Queeiibtown,  nnd  that  they  have 
gradually  retrograded  from  that  place  lo  their  present  pu  siuon,  abo\it 
aevea  miles  distant,  'i'he  table>land,  extending  from  tiiencc  to  Lake 
Bria*  consists  aniformly  of  the  same  geological  formations  as  are  now 
aiposad  to  view  at  the  falls.  The  upper  eiratum  is  an  ancient  alluvial 
sand,  varying  io  thiekness  from  10  to  140  feet;  below  which  is  a  bed  of 
bard  limeatofla«  aboat  aioety  feet  in  thickness,  stretching  nearly  in  a  hori- 
aonlal  direction  Ofsr  the  whole  country,  and  forming  the  bed  of  the  river 
afreae  the  talis,  as  do  tha  inforior  shales  bthw.    The  lower  ehala  is 

•  Hall's  Travels  in  North  Amcrirfi,  vol.  i.  pp.  195,  15)6.  216. 

t  See  Mr.  Bakewell,  jun.  on  the  i  alia  of  Niagara,  with  two  descrlpUve  drawings  of 
tiss  oMnay  betwMA  Lakes  £rio  aad  Oalarie,  inetadiag  tbe  FaMs^**L»adoa*s  Mag. 
ef  Hal.  Hist.  No.  sii.  Maid^  IfSO. 
Vol*  L— X 
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WildfM  llu»  MM  ihiekiiiMii  m  Ike  limMUiiiei  but  this  lart  m  Mid  to 
IhiekeA  at  the  point  now  mmM  by  tht  falli«  a  ciMoiiliftot  which  my 

ennblc  it  in  future  to  oflVr  greater  retletMiee  to  the  fbreo  of  the  eatanet.* 
If  the  rntio  of  recession  had  never  exceeded  fifty  yards  in  forty  yean, 
it  must  have  required  nearly  10,000  years  for  ihe  excavation  of  lh« 
whole  ravine ;  but  scarcely  any  estimate  can  be  formed  of  the  quantity  of 
time  consumed  in  such  an  operation,  because  the  retrograde  movement 
wa«  probahly  hiuch  tnorc  rapid  when  the  whole  current  was  confified 
Within  a  spare  not  exccecJin^  a  fourlii  or  liflh  of  that  winch  the  falls  now 
occupy.  Should  the  erosive  action  not  be  accelerated  in  future,  it  wili 
Mqilire  upwards  of  80,000  years  for  the  falls  to  reach  Lake  Erie  (^twrnty- 
five  miles  distant),  to  which  they  seem  destined  to  arrive  in  ihc  course 
9i  time,  anlMS  sonie  earthquake  changes  the  lolative  levels  of  the  district. 

IfthatgkwlUko  tlioiiia  remain  in  in  present  aiato  aotil  the  period 
^hm  fho  tavina  invtAm  to  itt  thoiat,  iha  andden  eoeape  of  to  vast  a  body 
of  water  might  eaute  a  tremandoaa  dalage;  for  tba  rafine  waold  ha  maeh 
mora  than  aaffioiant  to  drain  the  whola  Uke«  of  which  th«  avaraga  dapth 
Wai  foandt  daring  tha  late  aorvey,  to  ba  only  10  or  IS  Ibthama.  But*  in 
itonaei|iiattee  of  ite  ahaUownaaa,  Laka  Erie  la  faat  fining  np  with  aadi> 
toant ;  and  it  may  ba  quaationadt  whalher  Ite  entire  aiaa  may  not  ba  eon- 
irartod  into  diy  land,  balbra  tfia  fUls  reaed*  ao  far« 


CHAPTER  fl. 
ACTioH  OF  MnrKHto  wATB»— eofil<ii«e</. 

Course  ef  tba  Po— Desertion  of  iU  old  channel— ArUficW  embankmehts  of  the 

Adigf ,  nnd  other  Italian  rivrrs— Basin  of  the  MiMMiftppi— Its  meanders — liltods 
—Shifting  of  its  course — Raft  of  the  AtchRfaJaya  (p  } — Drift  Trood —New- 
formed  lakes  in  Louisiana — Eartliquakesi  in  valley  of  M ississippi— FIoocIa  caused 
b/  Und*8lipe  in  the  Wiiite  Mountointt  (p.  186.) — Bursting  ol  a  lake  m  Switzer* 
land— Devastatioaa  eanssd  ky  the  Anie  at  T%voti« 

£bti^M  i^ihi  J^o.— -TitE  Po  affords  an  instructive  example  of  the  manneir 
in  which  a  great  river  bears  down  to  the  sea  the  matter  poured  into  it  by 
a  multitude  of  tributaries  descending  from  luliy  chains  of  niouniaina.  The 
ahanges  gradually  elTected  in  the  great  plain  of  Northern  Italy,  since  the 
time  of  the  Homan  republic,  are  considerable.   £mtensive  lakes  and 

*  Menthly  AnMncaa  Joam.  July,  1831,  p.  21. 
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nanihes  have  been  gradually  filled  tip,  as  ihoto  near  Flacentiat  Parma, 
and  Cremona,  and  many  have  been  drained  naturally  by  the  deepening  of 
the  beds  of  rivers.  Deserted  river-courses  are  noi  unfreqnent,  as  that  of 
the  Se 1 10  Morio,  wbieh  formerly  fell  into  the  Adda,  in  Lombardy;  and 
the  Po  itself  has  often  deviated  from  its  course.  Siibsequenily  lo  the 
year  1390,  it  deserted  part  of  ihe  territory  of  Cremona,  and  invaded  that 
of  Parma;  its  old  channel  being  still  rvcogniiable,  and  bearing  the  nam^ 
of  Po  Morto.  Bressello  is  one  of  the  lownt  of  which  ibe  lita  was  for* 
nerijr  oo  the  left  of  the  Po,  but  which  is  now  on  the  right  bank.  There 
IS  also  nn  old  channel  of  the  Po  in  the  territory  9f  f^aima*  csUmI  Po 
Taeellio,  which  was  abapdoaocl  in  the  twaUlb  otntury,  when  a  ^nat 
noiber  of  towns  wen  dsatvojad.  Thm  ase  laaoids  ef  pariah  chnrehes* 
as  those  of  VieobsHignsno*  Agi»|olo,  and  Maiiignan8«  having  been  polled 
dawn  and  afterwards  rebnilt  at  a  greater  distance  from  the  devonring 
ttieam.  In  the  fifteenth  centuiy  the  nain  branch  again  resomed  its 
deserted  channeU  and  cairied  away  a  great  island  opposite  Casalniaggiore. 
At  the  end  of  the  same  centary  it  abandoned*  a  second  time,  the  bed 
celled  **Po  Vecehio,**  carrying  away  three  streets  of  Casalmaggiore. 
The  friars  in  the  monastery  de'  Senriti,  took  the  alarm  in  1471,  de- 
molished their  buildings,  and  reconstructed  them  at  Fontana,  whither  they 
had  traiiisporled  the  materials,  la  like  manner,  ihc  church  of  iS.  Kocco 
was  demolished  in  1511.  In  the  seventeenth  century  also  the  Po  shifted 
its  course  for  a  mile  in  ihe  same  district,  cnusing  great  devastations.*  ' 

Artificial  embatikjnenls  of  Italian  fiver h. — To  check  these  and  similar 
aberration?,  a  general  system  of  embankment  has  been  adopted  ;  nnd  the 
Po,  Adige,  and  almost  all  their  tributaries,  arc  now  confined  heiween  liigU 
artificial  banks.  The  increased  velocity  acquired  by  streams  thus  closed 
iOf  enablea  them  to  convey  a  much  larger  portion  of  foreign  matter  to  the 
eea;  and,  consequently,  the  deltas  of  the  Po  and  Adige  have  gained  far 
mme  rapidly  on  the  Adriatic  since  the  practice  of  embankment  became 
flmeal  an|venel,  Bntt  although  more  aediment  is  borne  to  the  sea,  pert 
of  fhO;  wd  mod,  which  in  the  natoral  state  of  things  would  be  spread 
muhf  inninl  inundations  over  the  platn*  now  sobsides  in  the  bottom  of 
^  fi«ii«ehanQeis ;  and  their  capacity  being  theiieby  duninished,  it  is 
^mtft^nfft  i^  to  prevent  uinndations  in  the  following  spring,  to  ex* 
tract  mensr  from  the  bed,  end  to  add  it  to  the  banks,  of  the  river.  Hence 
it  happens  that  (heee  streams  now  tmverse  the  plain  on  the  top  of  high 
moands,  like  the  waters  of  aquedoets,  and  at  Ferrara  the  eiirftuse  of  the 
Po  has  become  more  elevated  than  the  roofs  of  the  houses.t  The  mag- 
nitude of  these  barriers  is  a  subject  of  increasing  expense  and  anxiety,  it 
having  been  sometimes  found  necessary  to  give  an  lidJitional  height  of 
neariy  one  foot  to  the  banks  of  the  Adige  and  Po  in  a  single  season. 

*  Deir  Antieo  Cono  de*  Fiumi  Po,  Ogiio,  ed  Adda,  dttt*  GiMaal  BsamaL 

Milan,  lan. 

t  FM^y,fea  eMiir,0iM.  Pf^liaa.  ^  146. 
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,  The  pnsliea  of  enbaokment  was  adopted  on  tonw  of  the  Italian 
ftfwa  at  eariy  aa  the  tlurteeoth  eeelary  s  anil  Dante,  wriiiug  in  the  begin- 
ning of  the  Ibarteeitht  deaeribea,  in  the  aerenth  eifde  of  hall,  a  rivulet  of 
loava  aapaialed  from  a  heraing  aaadj  deaerl  hj  ambankmenta  like  thooe 
whieh,  between  Ghent  and  Bragaa,  were  laised  againat  the  oeeniit 
theae  whieh  the  Padaana  had  ereeled  along  the  Dienta  to  defend  their 
▼Ulaa  on  the  meliiog  of  the  Alpine  anowa.'* 

Quale  i  Fkmtniaghi  tra  Oniaate  e  Braggia, 

Tomendo  il  fiotio  cbe  in  ver  lar  s'avventa, 
F  iTini)  In  schermo,  perche  il  mar  si  fuggiai 
£  quale  i  Paduvan  lunjp  la  Brenta, 
Per  difender  lor  vtlle  e  lor  castelli, 
Aozi  che  Chiarentana  il  caldo  mniMr— 

It^femOf  Ctato  XT. 

Soiin  <^ihe  3ii$ii$Hppi»^Th»  hydrograpioal  baain  of  the  Miaaiaaippi 
displays,  on  the  grandest  acale»  the  action  of  running  water  on  the  aurface 
of  a  vast  continent.   This  magnificent  river  risea  nearly  in  the  forty* 
ninth  parallel  of  nordi  latitude,  and  flowa  to  the  Gulf  of  Mexico  in 
the  twenty-ninth — a  course,  including  ita  meanders,  of  nearly  5000 
miles.    It  passes  from  a  cold  an;tic  climate,  traverses  the  temperate 
regions,  anil  discharges  iLn  walers  iiilo  ihe  sea  in  llie  region  of  the  olive, 
tlie  fig,  and  the  sugar  cane,*  No  river  alTords  a  more  striking  illustration 
of  the  law  before  mentioned,  thai  an  angnient;Uiitri  of  volume  does  not 
occasion  a  proportional  increase  of  surface,  nay,  is  even  somelinies 
atiended  with  a  narrowing  of  the  channel.    The  Mi^^sis^ippi  is  half  a 
mile  wide  at  its  junction  with  the  Missouri,!  the  latter  being"  also  of 
equal  width;  yet  the  united  waters  have  only,  from  their  conHuence  to 
the  mouth  of  the  Ohio,  a  medial  width  of  about  three  quarters  of  a  mile. 
The  junction  of  the  Ohio  seems  also  to  produce  no  increaset  but  rather  a 
decrease,  of  aurface.:^   The  St.  Francis,  White,  Arkanaas,  and  Red 
rivera,  are  also  absorbed  by  the  main  stream  with  scarcely  any  apparent 
increase  of  its  width ;  and,  on  arriving  near  the  aea  at  New  Orleana,  it  ia 
aomewhat  leaa  tlian  half  a  mile  wide.  Its  depth  there  ia  very  Tariable, 
the  greatest  at  high  water  being  168  feet.  The  mean  rate  at  which  the 
whole  body  of  water  (iowa  is  variously  estimated.   According  to  aome,  it 
doea  not  exceed  one  mile  an  hour.$ 

The  allnvial  plain  of  thia  great  river  ia  bounded  on  the  eaat  and  west 
by  great  ranges  of  mountaina  atretehing  along  their  respective  oceans. 

•  Flint's  Geography,  yoI.  i.  p.  21. 

t  Flint  says  (vol.  i.  p.  MO)  that,  where  the  Mississippi  rrcfivpf  the  Missnuri,  it  i* 
a  mile  and  a  half  wide,  but,  according  to  Capiaiu  B.  Hail,  this  i»  a  great  mistake.— 
Tiavvb  in  North  Aaicriaa,  voL  iU.  p.  398. 

t  Flint's  Geography,  vol.  i.  p.  148. 

I  Hdl's 'navels  in  North  Anaiiea,  vol.  iu.  p.  aao,  who  oitoaDaiby. 
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Below  tlie  junction  of  ihe  Ohio,  ihc  plain  is  from  thirty  to  fifty  miles 
broad,  and  after  that  point  it  goes  on  increasing  in  width,  till  the  expanse 
is  perhaps  tliree  times  as  great!  On  the  borders  of  this  vast  alluvial 
tract  arc  perpendicular  ciifTs,  or  *'  bluft's,"  as  they  are  called,  sometimes 
three  hundred  Icet  or  more  in  height,  composed  of  limestone  and  other 
rocks,  :irnl  often  of  alhivinm.  For  a  great  distance  the  Mississippi 
washes  ihe  eastern  "  bluils  ;  and  below  ihe  nioulh  of  the  Ohio,  never 
once  comes  in  contact  wuh  the  western,  i  he  waters  are  thrown  to  the 
ettarn  sidoi  because  all  the  large  tributary  rivers  enlflriiig  Snm  the  west, 
hmw9  filled  tbat  side  of  the  great  valley  with  a  eloping  mass  of  clay  and 
■and.  For  this  reason,  the  eastern  kkaSk  m  ewMittMUjr  nndeniiaedv 
•ad  tho  Mississippi  is  slowly  but  incessaally  ptograwing  eastward** 

Cunei  tke  MiMiuifpi^'  -Tiio  river  trtveites  the  plain  in  a  Maan^ 
dtiiBg  course*  describing  immense  and  uniform  camii,  Afler  laraapiiif 
i«uid  the  lialf  of  aeirefa^  it  ia  earriad  in  a  npid  eonant  diagooall/  amaa 
ila  own  abannelt  to  aoodior  earn  of  the  aano  vmUbmHy  upon  Ifaa  oppo> 
aite  alioio.t  Tliiaa  earvoi  ara  ao  nsgnlar*  tbat  tha  boafan  and  Indiaaa 
cdottlale  diattBoea  by  than*  Oppoeiia  to  ooeb  of  tbam  tbata  it  alwiya 
a  «aiid4Mr9  anaweriog*  in  tba  oonvasity  of  ila  fonn»  to  tha  eonaavitj  of 
the  band,"  as  it  ia  adDad4  Tba  lifar,  hj  aontiaMllj  waatiog  tbono 
aaina  deeper,  returns,  liko  mosy  other  etfaana  bolbio  daacnbad*  oa  ita 
own  traet,  ao  that  a  veeoel  in  mbm  plaaai,  after  lailinf  for  twenty-five  or 
thirty  miles,  is  brought  round  again  to  within  a  mile  of  the  place  whence 
it  started.  When  the  waters  approach  so  near  to  each  other,  it  oiica 
happens  :\t  higli  flooda  thai  iliey  burst  ihroui^di  liie  small  tongue  oi  land, 
and  insulate  a  portion,  rushitig  through  what  is  called  the  cut  ofl'"  with 
great  velocity.  At  ouq  spot,  called  the  "  grand  cut  off,"  vessels  now 
pass  from  one  point  to  anuiher  in  half  a  mile  to  a  distance  which  it  for* 
aierly  required  a  voyage  of  twenty  miles  lo  reach. ^ 

ff'aslc  of  tV,?  hanks. — A  Tier  the  Hood  season,  when  ihc  river  suhj^iile^} 
wuliiii  its  channel,  it  acts  with  (icsiruciive  force  tipon  lite  alluvial  banks, 
softened  and  diluted  by  the  recent  oversow.  Several  acres  al  a  time, 
thickijr  covered  with  wood,  are  precipitated  into  the  stream  ;  aad  larfa 
ponioBa  of  \he  isiaiida  foriaad  by  the  piooesa  before  daecribed  ara  awapt 
away. 

**8o«e  yeaia  ago,''  observes  Captaia  Hall,  *' when  the  Mississippi 
was  regularly  tarveyed,  all  its  isianda  waie  BumbarBd*  frooi  the  eonfloenee 
of  the  MiMMirt  lo  tfia  eeai  bol  every  aaaMin  makes  inoh  molBiioaa»  doI 
ohiy  ia  the  aaaiber  bet  ia  the  oiagnilade  end  aitoaiioa  of  thaae  iilendaf 
thai  thia  eaomeratton  is  now  atmosl  obsolete.  Soaietiiaea  large  islands 
are  ealirely  ntelled  away*^t  oih^r  ph»es  they  have  atiaehed  ihemselYee 

*  Geogfsph.  Dsssrip.  of  the  State  «f  LoeiMsaa,  bj  W.  Dsrliy,  Pbiladelplua,  im, 

p.  102. 

t  Flint's  Geog.  vol.  i.  p.  m  t  Had.  |  Ibid.  p.  ISA. 
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tD  tht  mIb  shore,  ort  wUeh  k  tfw  num  eomot  f tateimnlp  Ui«  inim'wl 
Im  boM  filM  up  bj  myriadi  of  m— pud  loyUwr  by  oMid  tadnib* 
biihu*^  Wbea  the  MinrfMippi  ind  mtmj  of  ilo  giott  tribalmo  ovoiiow 
lbaMrhttko»  dM  w«ng§»  bdag  no  ioojor  botnodowa  by  tho  «Mia  omm^ 

Mont  of  nod  ond  OMid  with  wkkth  tliej  m  aboadiody  ohtifed.  Uhodo 
■mot  the  progreao  of  taliag  tnoig  md  Ihoy  oAm  beooaw  w  lUo  MMir 
MnM  lo  tbo  loidi  dm  nils  of  tfooo*  togiithor  widi  amdt  ooMtilati^foi 
liBfdi  ft  wlid  roMk  Tho  eooiotr  Md  noio  «uidy  pocdoa  io  tkmni 

down  first  nearest  the  baokt ;  and  finer  partiDlot  tio  depoiiiod  at  dM 

farthest  distances  from  the  n?ert  where  an  impalpable  mixture  subsidca, 

forming  a  suil  iiiu  tiious  black  soil.  Hence,  in  the  alluvial  plains  of  these 
rivers  the  land  slopes  back,  like  n  natural  glacis  towards  the  cliffs  bound* 
iof  the  great  valley  (see  Fig.  U.),  and  during  the  inundations  of  the  higk* 


Fig.  9. 


«,  Cbaanel  of  the  titer.  Base  of  the  «<  blnflb.*' 


ott  part  of  the  banks  lorn  nanow  strips  of  dry  ground,  rising  aboro 
the  river  on  one  side,  and  above  the  low  flooded  country  oi|  tho  othor* 
Tho  Mississippi  therefore  has  been  dotcribed  as  a  river  rOMliDg  on  tbo 
of  a  loof  kill  or  ridge,  which  has  an  elevnio^  of  tmntf^font  §M$ 
m  ito  higboft  pirt»  md  a  bm  thioo  orilet  in  ftvenfs  diimeier.  Flint* 
bowofOTf  fMBorfciv  diftt  diii  piotnio  io  not  veiy  ooitoot»  for»  aoiwitb^ 
•tuidinf  dm  oompvadvo  okfadon  of  tha  bonki»  tho  diopoit  p«l  of  dw 
bod  of  dw  rim  (<i»FSf.9.)  ionnifonnly  lowerdiantholowoitpolnlof 
Ibo  illnnnni  U  dM  b«M  of  dio  bloflb,t 

It  hos  boon  nid  of  a  aMrnniafn  fonont  tbal  it  laya  down  wiwt  li  w81 
MflMivo^  and  rasovaa  what  it  liaa  laid  down}*'  and  in  liiw  awnnor  tho 
liiaaissippi,  by  tho  eontinnal  aUllinf  of  Hi  ooniaot  awoopa  away,  dofinf 
a  great  portion  of  the  year,  oonoidafablo  traela  of  annviam  which  were 
gradually  accumulated  by  the  overflow  of  former  years,  and  the  matter 
now  left  during  tl»e  spring-floods  will  be  at  some  future  lime  removed. 

Baft  of  Ike  Jitchafalaya. — One  ol  ihb  mosi  iiiltiresung  features  in  this 
basin  is  the  raft."  The  dimensions  of  this  mass  of  timber  were  given 
by  Darby,  in  1816,  as  ten  miles  in  length,  about  220  yards  wide,  nnd 
eififhl  fet  i  deep,  liie  wliole  of  which  had  accumulated  in  consequence  of 
souio  ohslniction,  durinpf  nboni  thirty-eij^ht  years,  in  an  arm  of  the  Mis- 
sissippi, railed  the  A icliaralayn,  w  hich  is  supposed  to  have  been  at  some 
past  time  a  cliannel  of  the  Red  River  before  it  intermingled  its  waters 
with  tlie  main  stream.   Tbie  arm  is  in  a  dinci  lino  with  the  fononl 

*  Travds  in  North  America,  voL  iit.  p.  361. 
t  Flint's  Geography,  vol.  i.  p.  161. 
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coil  F8C  of  the  Mississippi,  and  it  catches  a  large  portion  of  the  drift  wood 
uinualiv  brought  down. 

'i'he  mass  of  limber  in  the  raft  is  continually  increasing,  and  the  whole 
rises  and  falls  wilh  the  water.  Although  iloaling,  it  is  covered  with  green 
baslies,  like  a  tract  of  solid  land*  and  its  surface  is  enlivaned  in  the  aBtsoift 
kf  a  variety  of  beautiful  flowers. 

Thi>ilil>  «l  Red  River  are  equally  remarkable;  in  some  parts  of  ill 
mi§mif€tid9i  trees  are  heaped  up  by  theniselvesi  and  in  etlMr  places  pines. 
miliH8  tfto  8  taA  011  tbe  Washita,  the  prineipel  tribvlaiy  of  the  Red 
Hf8l|  mMk  Miooely  intertapls  the  naYigftUeii«  ooneealiDf  ihe  whole 
lifer  Ihr  eevttileeft  toagties.  This  natnial  bridge  is  deseribed  in  1884  ae 
mij>8l<llf  ill  tiie  plittts  theD  growing  in  the  neighbouring  forest^  nol 
liiiythig  laige  tmt  t  M  so  perfeoUy  wis  tho  etfoam  ooneeeled  by  the 
wyeilingiibam  bmmi*  that  il  might  be  eroesed  in  some  plaeee  wilhoniany 
h«#4rl«|g8  of  itt  8zi»tenea4* 

M/i  IIMi-«^Notwithslanding  the  astonishing  nnmber  of  eubie  feet 
of  timber  arrested  by  the  rafb,  great  deposits  sre  nneessingly  in  progress 
at  the  extremiiy  of  the  delta  in  the  Bay  of  Mexico*  Unfortunately  for 
the  navigation  of  the  Mississippi,"  observes  Captain  Hall,  **  some  oi  the 
largest  trunks,  after  bein^  cast  down  from  the  posiuua  oa  winch  they 
g^rew,  get  their  roots  ciUaiigled  with  the  bottom  of  the  river,  where  they 
remain  anchored,  as  it  were,  in  the  mud.  The  force  of  the  current  natu- 
rally gives  their  tops  a  tendency  downwards,  and,  by  its  tlowin^  past, 
iOiB  strips  them  of  Iheir  leaves  and  branches.  These  fixtures,  caiied 
■iigiHlf  pbottttSv  vre  extremely  dangerous  to  the  steam-Yesseis  proceed- 
ing op  tlie  Mreaia,  in  which  they  lie  like  a  lance  in  rest,  concealed  be* 
Mdi' Ili8  wilsr»  with  their  sharp  ends  pointed  directly  against  the  bow 
of  4l8  iDaacIs  coming  np.  For  the  most  part,  these  formidable  snsge 
toM*  io  itfllf  that  thej  can  be  detected  only  by  a  alight  ripple  above 
thoon  iM  feieeptible  to  inexperienced  eyes*  Sometimes,  howevert  they 
lilMim  wp  add  down,  aliernately  ahowing  thdr  heade  abof  e  the  snrfiMO 
ittt  Hertiint  them  beneath  it.'*t  So  imminent  ia  the  danger  eanaed  by 
Ms#88bttoetloiiii  that  almost  all  the  boats  on  the  Misaiasippi  are  eon* 
strtit^ted  on  a  partienlar  plan,  to  guard  against  fatal  aeddents.$ 

The  prodi<.nou9  quantity  of  wood  annually  drifted  down  by  the  Missis* 
sippi  and  its  inbuiafies,  is  a  suject  of  geological  interest,  not  merely  as 

*  Ravtgfttor,  p.  263.  PitUburgh,  1821. 

t  Tiayiis  in  Nertb  Amerioa,  toI.  iii.  p.  968. 

I  boats  are  fitted,"  layf  Captain  Hall,  **  with  what  Is  called  asnsguebiniberi 
a^rtitiiiii  fbnned  of  stout  planks,  which  is  caulked,  and  made  so  eil^tually  water- 
tight, that  ihp  foremost  end  of  the  vessel  is  cut  off  ts  entirely  from  the  rest  of  the 
hold  as  if  it  belon^d  to  another  boat.  If  the  steBm-vpssp!  happen  to  run  against  a 
■nag,  and  that  a  hole  is  made  in  her  bow,  under  the  surface,  tlus  chamber  moioly 
fills  witb  water.  " — Trftvels  in  North  America,  vol.  iii.  p.  363. 
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iUwrtnting  the  mannar  io  which  tbundrace  of  TegetaUe  mailer  beoowea, 

in  the  ordinary  conrte  of  natnre,  imbedded  in  sobmarine  and  eatnarjr 
deposits,  but  as  attesting  the  constant  destruction  of  soil  and  transporta- 
tion of  matter  to  lower  levels  by  liie  iciuleiicy  of  rivers  to  shift  their 
courses.  Each  of  these  trees  must  have  required  many  yenm^  some  of 
liiem  many  centuries,  to  attain  their  full  size  ;  the  soil,  therefore,  whereon 
they  grew,  after  remaining  uinJislurheU  fur  lone  periods,  is  ultimately  torn 
up  and  swept  away.  Yet,  notwithstanding  ihis  mcesiant  destruciK^n  of 
land  and  up-rooling  of  tree?,  ilic  region  whirh  yields  this  never-faiiing 
supply  of  drift  wood  is  densely  clothed  with  noble  iurests,  and  is  aiJZKMl 
unrivaUed  in  its  power  of  supporting  animal  and  vegetable  life. 

Innumerable  herdaof  wild  deer  and  biaoos  feed  on  the  loznrioua  pastures 
of  Ihe  platoa.  Tho  jaguar,  the  wolf,  and  ihe  fox,  are  amongst  Uio  beasta 
of  ptey.   The  waters  teem  with  alligalofa  and  tortoises,  and  their  surface 
is  covered  with  millions  of  migratory  water-fowl,  which  perform  Ihoir 
annual  voyage  belween  the  Canadian  lakes  and  Ihe  ahovea  of  ihe  Mexican 
Ou1f«  The  power  of  man  begins  lo  be  sensibly  fell,  and  Ihe  wilderness 
to  be  replaced  by  towns,  orchards,  and  gardena.   The  gilded  slemD-hoat, 
like  a  moving  oily,  now  slems  the  current  with  a  steady  paco--  now 
ahoots  rapidly  down  the  deaeending  atream  throngh  Uie  aoliludes  of  the 
foresls  and  prairies.   Already  does  the  flourishing  population  of  Ihe  great 
valley  exceed  that  of  the  thirteen  United  Slatea  when  first  they  declared 
their  independence,  and,  after  a  sanguijiary  struggle,  were  severed  from 
the  parent  country.*    Such  is  the  FUUe  of  a  continent  where  rocks  and 
trees  are  hurried  annually.  l»y  u  Lhousaad  torrents,  from  ihe  moiirUaius  to 
the  plains,  and  where  .smid  and  finer  matter  are  swept  down  by  a  va«l 
current  lo  the  sea,  logcifier  with  the  wreck  of  rouiulcj-s  loresis  anti  the 
bones  of  anirmils  a  hicli  prrisli  m  the  inundalioDS.     Wiicn  iho.se  materials 
reach  the  (luil,  they  do  not  render  the  waters  unfit  for  aquatic  animals; 
but,  on  the  contrary,  the  ocean  here  swarms  with  life,  as  it  generally 
does  where  the  influx  of  a  great  river  furnishes  a  copious  supply  of  organic 
and  mineral  matter.    Yet  many  geologists,  when  they  behold  the  spoiU 
of  tlie  land  heaped  in  successive  strata,  and  blended  confusedly  with  the 
remains  of  fishes,  or  interspersed  with  broken  shells  and  corals,  imagine 
that  they  are  viewing  the  signs  of  a  turbulent  instead  of  a  tranquil  and 
setded  slate  of  the  planet.  They  read  in  auch  phenomena  the  proof  of 
chaotic  disorder,  and  reiterated  cataatropbes,  instead  of  indicaliooa  of  a 
surface  as  habitable  as  the  moat  doliciona  and  fertile  dislricle  now  teoanlod 
by  man.   They  are  not  content  with  diaregarding  the  analogy  of  the  pre- 
aeni  course  of  Nature,  when  they  speculate  on  the  revolutions  of  paal 
times,  but  they  often  draw  conclusions,  concerning  the  ibrmer  state  of 
tilings,  directly  the  reverse  of  ^ose  to  which  a  fair  Indocdon  from  facta 
would  infallibly  lead  them. 

*  Fiiat*a  Qtcgraphy,  vol.  I. 
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Formatum  of  lahu  in  Lomnana. — Aootber  striking  featun  in  th^ 
basin  of  the  Mississippi,  illusiralive  of  the  changes  now  in  progress,  i» 
Uie  iormalioQ  by  natural  causes  ot  great  lakes,  auil  ihe  Jraiaa^c  of  oiherii. 
Xliese  are  eff>^ejntl\  ir^quent  in  the  basin  oi  Ki  il  liivn  m  Louisiaim, 
where  the  liirgust  (>f  thpm.  calleil  lii'-ii iie:.u ,  i.-?  more  tlt.iu  mi/ur 
long,  and  has  a  liicdii  in  tli  plh  of  froui  Jijiee/i  lo  iweiUy  feet.  la  the 
deepest  part'^;  are  seen  numerous  cyprus  trees,  of  all  sizes,  now  dead,  and 
most  of  them  with  their  lops  broken  by  \XiQ  wmd»  yet  standing;  erap^' 
iBMiflt  vatar«  This  tree  resists  the  action  of  air  and  watet  loog^r  than 
any  olfasVv  udy  if  not  su)>merged  througiioui  the  whole  year,  will  retain 
life  for  an  exfru  idinary  period."  l.uke  Bisiineau,  as  well  ae  Black 
htkm^  Cflrio  hakBf  Spanish  Lake,  Nachitochea  JUike,  aod  many  others, 
IttTO  \tmm,  ibfiDAdf  according  to  Darby,  by  the  gradual  elevation  of  the 
bed  <if  B«d  JUvert  in  wfaieh  the  alluvial  aocumuktioiui  lift?e  betto  so  greai 
aa  to  liiM  ita  channel,  and  cause  iia  waters,  during  th^  flood  eeasoii,  to 
flow  mp  the  moulba  of  many  tributariee,  and  to  convert  paru  of  ihelr 
ooweoe  ioto  lalcaa.  In  the  autumn,  when  the  level  of  Red  River  ie  again 
depreseodf  the  waters  rush  back  again,  and  some  lalwa  become  grassy 
Meadowift  with  streams  meandering  thiougii  them.t  Thus,  there  is  a 
perwdical  flux  and  reflux  between  Red  River  and  some  of  these  basins, 
whwh  arc  merely  reservoirs,  alternately  emptied  and  Tilled  like  our  tide 
CBttivinis— with  this  difference,  that  in  llic  one  case  ihe  land  is  submerged 
for  several  muuLUrf  cuuuauuusly,  and,  in  lije  other,  twice  in  every  Iweniv- 
fmir  ?iuL;r->.  It  has  happened,  in  several  cases,  thai  a  bar  lias  been  thnivvn 
by  iifed  l^ivc  r  :i'T(  >s  isujtit:  ol  the  openings  of  iho^p  channels,  and  then 
the  lakes  become,  like  Baslineau,  constant  reposiiuiiua  of  water.  But 
even  in  these  cases,  their  level  is  liable  to  annual  elevation  and  depression, 
because  the  flood  of  the  main  river,  when  at  its  heiglit,  passes  over  the 
bar;  just  as,  where  sand-liilis  close  the  entrance  of  an  estuary  on  the 
JNecfiDlk  or  SiifTnlk  coast,  the  sea,  during  some  high  tide  or  storm,  has 
often  breached  the  bnrrirr  nntl  inundated  again  the  interior* 

Jiiff^UflAei  in  ba$m  of'  AJi^isissippi. — Tiie  frequent  fluctuations  in 
tiiMMoonsa,  in  various  parts  of  the  basin  of  ihe  Mississippi,  are  partly, 
pefhnpsy  to  be  ascribed  to  the  coH>peralion  of  subterranean  movements, 
whyeh  slior  from  time  to  time  the  relative  levels  of  various  parts  of  the 
sorftoo*  Bq  late  as  the  year  1813,  the  whole  valley  from  the  mouth  of 
the  Ohio  to  that  of  the  St*  Francis,  including  a  tract  300  miles  in  length, 
and  oxcoeding  in  area  the  whole  basin  of  the  Thames,  was  convulsed  to 
soeh  a  degree,  as  lo  create  new  islands  in  the  river,  and  lakes  in  the  allu- 

f  Captijiis  dark  and  Lewis  found  a  forest  of  pines  standing  erect  under  watet  in 

die  body  of  the  Columbia  River  in  North  America,  which  the  J  supposed,  from  tlie 
appcaisnoe  of  the  trees,  to  have  been  submerged  onlj  about  twenty  years.— Vol.  ii> 
p.  241. 

t  Oarby'a  Louisiana,  p.  33. 
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vial  plain,  aoroe  of  which  were  twenty  miles  in  extent,  1  shall  allude  lo 
this  event,  by  which  New  Madrid  was  in  great  pan  destroyed,  when  f 
treat  of  earthquakes;  but  may  niaic  here,  that  ii  liappened  exactly  at  the 
same  time  a«*  the  fatal  eonvulsionf,  in  the  district  of  Caraccas ;  and  the 
country  shaken  was  nenrlv  five  degrees  of  latitude  farther  removed  from 
the  great  cenire  of  volcanic  disturbance,  than  the  basin  of  ilie  J\cil  River 
before  alluded  lo.  Darby  mentions  beds  of  marine  shells  on  the  banks  of 
Red  River,  which  seem  to  indicate  that  Lower  Louisiana  is  of  recent 
Ibrmation ;  its  elevation,  perhaps,  above  tlie  sea,  may  have  been  doe  to 
the  leme  Mriee  of  earthquake!  jrhich  eontiniiea  lo  agitate  eqvaioriai 
Amefien, 

When  eoantriee  are  liable  to  be  ao  exteaaitely  end  perfnanently  affected 
bf  earthquakes,  apeeulationa  ooneemiog  ehangea  in  their  hydrographieal 
Ceatorea  must  not  be  made  without  regard  to  the  igneoM  aa  well  as  the 
nqoeous  causes  of  change.  It  is  scarcely  necessary  to  obserte,  that  the 
ioeqnalitiea  produced  even  by  one  shock  might  render  the  study  of  the 
ellttml  plain  of  the  Mississippi,  at  some  future  period,  most  perplexing 
to  a  geologist  who  should  reason  on  the  distribution  of  transported  mate- 
rials, without  being  aware  that  the  configuration  of  the  eountry  had  ▼nried 
materially  during  the  time  when  the  ezeavating  or  removing  power  of  the 
river  was  greatest. 

PLOOns,  BURSTINO  OF  LAXXS,  KTC. 

The  power  which  running  water  may  exert,  in  the  lapse  of  agc«,  in 
wick'iiinc"  ^lul  tieepenmi^  a  vnlley,  floes  not  so  mucli  tlejiend  on  the  volume 
and  velocity  of  the  stream  usually  flowing  in  it,  as  on  the  number  and 
magnitude  of  the  obstructions  which  have,  at  different  periods,  oppMod 
its  free  passage.  If  a  torrent,  however  small,  be  eifectualiy  dammed  np^ 
the  size  of  the  valley  above  the  barrier,  and  its  declivity  below,  and  not 
the  dimensions  of  the  torrent,  will  determine  the  violence  of  the  d^b4cIow 
The  most  universal  source  of  local  deluges  ate  landslips,  slides,  or 
evalancbes,  aa  they  are  sometimes  called,  when  great  messes  of  roek  nnd 
soil,  or  sometimes  ice  and  enow,  are  preeipiuted  into  the  bed  of  a  river» 
the  boundary  cliffs  of  which  have  hcen  thrown  down  by  the  shock  of  an 
earthquake,  or  undermined  by  springs  or  other  causes.  Volumes  mighl 
be  filled  with  the  enuroention  of  instances  on  record  of  these  terrific 
catastrophes :  I  shall  therefore  select  a  few  examplea  of  recent  ooeurrence, 
the  facta  of  which  are  well  authenticated. 

Ihodi  caused  by  landslips,  1826.-»Two  dry  seasons  in  the  White 
Motmtains,  in  New  Hampshire,  were  followed  by  heavy  rains  on  the  28th 
Auguiit,  1826,  when  from  the  steep  and  lofiy  decliviiies  w  hich  rise  ab- 
ruptly on  both  sides  of  the  river  Saco,  innumerable  rocks  and  siom  many 
of  sufficient  size  to  fill  a  common  apartment,  were  detached,  and  m  iheir 
descent  swept  down  before  them,  in  one  promiscuoua  and  frightTui  ruin. 
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forests,  ilirubs,  and  theearth  which  sustained  ihem.  No  trailiiion  existed  of 
any  similar  slides  at  former  timet,  and  the  G;n)wi!i  of  ihe  foresl  on  Uie 
flanks  oi  llie  hills  clparly  show  i  d  ihnt  for  a  loiin;  nterval  nolhinj^  similar 
hit!  ocurred.  Ojic  of  these  moving  masses  was  aiierworJs  louiul  lo  Inve 
slid  three  tiules,  vvi'Ji  an  avernire  hreaiJih  of  n  qiinrff r  o!  n  mile.  'J'lie 
natural  excavations  commeaced  generally  in  a  trench  a  lew  yarU^  iu  depth 
and  a  feir  rods  in  width,  and  descended  llie  mountains,  wideninfj^ 
decjpming  liU  ihtjr  bMame  vast  chMiM.  At  Um  b»se  of  these  boUpw  ra- 
fiBM  waa  MM  a  wUm  and  deaf  mat  of  rniiia,  MMMiag  of  iranaponad 
•nth*  fravd,  rodUt  awl  Inaa.  Forests  of  8pruce-6r  and  Iicmlock  were 
pioamted  with  aa  mnch  aaae  as  if  liiey  had  been  fields  of  pmn ;  for, 
where  they  dwpitad  tlie  pmnA*  the  tOfiaBt  of  nod  and  rack  aaenaialaMd 
behind  till  h  gatheied  aniBeient  knm  lo  bniat  Ihe  leoipoiaiy  hairier* 

The  vallejre  of  the  knamQ&mik  end  Beoo  pieeenlad,  ihr  many  ini]«a» 
Ml  nninleinpleil  eeenn  of  deeohtion  i  all  the  biidiee  heing  eerriad 
avey,  ea  well  ee  Umee  mar  their  irihnieijr  eireama*  In  anew  piaaee  tba 
rand  wne  meavnted  to  thn  depth  of  fram  ttAeen  lo  twen^  fnal$  in  othew 
it  waa  aovemd  with  enrth»  raeha.  and  liaae«  to  aa  gfeet  a  height*  The 
vnler  flowed  lee  wmmy  wake  aAnr  the  flood  aa  denaely  chaifad  with 
aerlh  aa  it  eoald  be  witboat  beiaf  dunfod  into  mod,  and  marke  wean 
aeen  in  various  localities  of  its  having  risen  on  eiilter  aide  of  the  valley  to 
more  than  twenty-five  feet  above  its  ordinary  level.  Many  sheep  and 
calUe  were  ^wcpl  awa}',  and  ilie  W  illey  family,  nine  in  number,  wlio  in 
alarm  ];ad  deserted  their  house,  were  destroyed  on  ilu;  l-anks  of  ilie  J^acu; 
seven  oi  liieir  mangled  bodies  were  afterwards  loumi  near  ihe  river,  buried 
beneath  drift  wood  and  iiiouuiain  ruins.*  The  geologul  ^.hould  remark 
that  the  lower  alluvial  plains  are  most  exposed  lo  sueli  violent  lioods,  and 
at  thi?  Fnmo  lime  arc  best  lined  lor  the  sustenance  of  herhivorons  animala. 
If,  therefore,  any  organic  remanus  are  found  amidst  the  superliciai  heaps 
of  transported  matter,  resulting  from  those  catasuroplies,  at  whatever  pe> 
nods  thejr  amy  have  happened,  and  whatever  may  iiafo  been  tlie  former 
Gonfi^nrntton  and  relative  leaela  of  the  country,  we  may  expect  tlie  iin- 
hedded  foeetl  reliee  lo  bo  principally  refisraUe  lo  Ihie  eUee  of  inaaunalia. 

Bnt  theae  eelaettopbee  aie  iasifiiifieant,  when  compared  to  those  whieb 
aaa  eeeanienad  hj  annhqnakes,  when  the  boundary  hills«  for  ntltee  in 
lenfUi>are  thnHvi  downinio  ibo  faoUow  of  a  raUey.  I  ahell  hare  oppor» 
tnniiiea  of  ellndiog  lo  innndatione  of  thia  kind,  when  ireating  eipraaaly 
«f  oeithqnakaa«  and  aball  oantent  nyeelf  at  praaent  with  eeleeiang  en  ex- 
nniplo,  of  ModeiQ  dale,  of  a  flood  eaoeed  by  the  bamhig  of  a  laapoiary 
lake;  the  feoia liavug bnen  daioiihed«  witfi  mmm  than  neoal  eaaoiney,  by 
eeientHle  obeervera* 

JFhodintht  Fdkjf  of  Bagmtf  1819.— ThovaOayof  Bagaee laoneof 
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the  largest  of  the  lateral  embranchments  of  the  main  valley  of  the  Rhone, 
abore  the  L:jt«*  of  Geneva.    Its  upper  portion  was,  in  1818,  converted 
into  «  lake  by  the  tlammiim  up  of  n  narrow  pass,  hy  avalanches  of  snow 
ind  See,  precipitated  from  an  elevated  elnrier  into  the  bed  of  ilie  river 
Bnilfe.  in  tlie  winter  season,  during  continued  froFt.  scarcely  nny  w  aicr 
tfows  tn  IAm  bed  of  this  river  lo  preserve  an  open  channel,  &o  that  ihe  i  e 
teriarienaitied  entire  milil  the  melting  of  ihe  snows  in  spring,  wlien  a 
lake  WU  foraedabove,  tbout  half  a  league  in  length,  which  finally  attain- 
ed in  tome  puts  a  depdi  of^bMl  900  feet»  and  a  width  of  about  700  feet. 
To  pievent  o^lessM  the  nilsohhif  eppreheiided  from  the  sudden  borstinf 
tiftbe  bnrier,  an  irtiieiel  gtlleiy,  seven  Inmdied  feet  m  length,  wee  eat 
^tlgh  «he  iee,  before  (he  wilefs  had  risen  to  a  great  height.    When  at 
length  they  aoeamokled  and  flowed  throngh  this  tannel,  they  dieeolved 
^  ice,  and  dnie  deepened  their  channel,  until  nearly  half  of  ike  whole 
eontettts  of  ihe  lake  weie  elowly  drniaed  off.   But,  et  length,  on  the  ap- 
proach of  the  hoteeason,  the  eentral  portion  of  the  Temeining  mnee  of  ice 
gave  way  with  a  tremendous  erash,  end  the  residQe  of  the  lake  wm  emp 
tied  ill  half  an  hour.  In  the  course  of  its  descent,  the  waters  eneonoiered 
several  narrow  gorges,  and  at  each  of  these  they  rose  to  a  great  height^ 
and  then  burst  with  new  violence  into  the  next  basin,  sweeping  along 
tocks,  forests,  houses,  briilgos,  arul  culiivated  land.    For  the  greater  part 
of  its  course  the  ilood  resembled  a  moving  mass  of  rock  and  mud,  rather 
than  of  water.    Some  fragments  of  granitic  rocks,  oi  enormous  magnitude, 
and  which,  from  tJieirdimension*',  n^igtiihe  compared  \vjlhouicxaf.r»?eraijon 
^  houses,  were  torn  out  of  a  more  ancient  alluvion,  and  borne  down  lor 
A  qfKMer  of  a  mile.    One  of  the  fragments  moved  was  sixty  paces  in  cir- 
«mifefence«*   The 'veloeity  of  the  water,  m  the  first  part  of  its  course, 
Was  thirty-three  feet  per  leoond,  which  diminished  to  sis  feet  before  ri 
maehedihe  Lake  of  Geneva,  where  it  arrived  in  eiz  honie  and  a  half,  the 
-dtomtee'behig  forty^e  nilles.t 

Thia  flood  M  behiad  k,  on  the  pMna  of  Mtitigny,  thonnuide  of  trees 
-torn  np  by  the  reels,  logelhar  with  the  raiaft  of  iMiildinge.  fione  of  the 
lionMe  hi  that  town  w^re^lkd^ith  nod  np  m  the  seeond  hiory.  AMr 
lenpanding  in  the  pinin  of  Martigoy,  it  entered  the  Bhone  and  did  no  fei^ 
Aer  damage ;  but  tone  bodiea  of  inen»  who  bad  been  drowned  above 
Martignyv  weie  afterwards  foond*  at  the  dislanee  of  about  ifairly  mOe^ 
floating  on  the  farther  side  of  the  Lake  of  Geneva,  near  IFevey. 

The  waters  on  escaping  from  the  temporary  lake,  intermixed  -With  mad 
and  rork,  swept  ulon^,  for  the  first  four  miles,  at  the  rale  of  above  twenty 
miies  au  hour ;  and       Escher,  the  engineer,  calculated  that  tiie  flood 

•  This  block  was  measured  by  Capt.  B.  Hall,  R.  N. 

t  .See  an  account  of  the  inundation  of  the  Val  de  TJnirnes,  in  1818,  in  Ed.  Pbd. 
Joozn.,  vol.  i.  p.  167|  drawn  up  from  the  Memoir  of  M.  Ji^her,  with  a  tection,  ^ 
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fttwUHiesgrettar  talhUoriiieBUMbtlBir  BimIb.  N0w»  if  p«t  of 
Ibt  Idw  hid  — t  knm  giiimlly  dwfawi  mK,  ikm  iaod  wmM  bMbM 
mnlf  MUe^  ■fnw—iliiag'  ife  ft^ome  to  some  of  the  largest  riTen  » 
Eoro^  II  it  •Wdeat,  therefore,  that  when  we  are  specalating  on  the  ex- 
esvating  foree  which  a  river  may  have  exerted  in  any  particular  valley, 
Uie  most  important  question  is*  not  die  Mjlninc  of  the  existing"  stream,  nor 
the  present  IcvcU  oi  us  channel,  nor  even  the  iiniurr?  of  the  rocks,  buLthe 
probabiiuy  uf  a  successiuii  ot  floods,  nt  some  penud  bince  the  time  when 
liie  valley  may  have  been  first  eievaied  above  the  sea. 

Ffir  St  vera!  months  after  the  debuclf!  of  1818,  the  Dransf ,  h:\vi  n<r  no 
:5cul'jd  channel,  shifted  its  position  conunu;tlly  from  one  siile  lo  Uie  other 
of  the  vnlley,  rarryinir  nway  newly  erpcteci  bridges,  iinticrniining  houses, 
and  continuing  to  be  charged  witli  large  a  quantity  of  eardiy  matter  as 
the  duid  could  hold  in  suspension.  I  visited  this  valley  four  months  after 
the  flood,  and  was  witness  to  the  sweeping  away  of  a  bridge»  and  the  vm^ 
dMnning  of  pert  of  a  house.  The  greater  part  of  the  ice-barrier  was 
tfct«  •fKiiiiy,  pwiwili^  iftieid  liO  M  high,  like  latiMtiotiie 
IwpqwwaH  of  Etna  or  AufiigDfly  wbere  they  are  iattnaetrd  by  rivem. 

Inundations,  pntMj  similar,  sM  veettnlad  to  bm  pmamd  ai  teoMr 
pni«b  itt  lUi  4ittri«t»  aii4  fins  stM  CMM.  b  1506,  for  miiiplo, 
a  U»  bml»  ind  Iba  wtimBf  daaewdipg  wilh  uiMiilaUe  faiy*  dtalioyad 
'di6  lovPB  of  llflil|piy«  wImri  fiMi  MWtf  10  €iglM>F  pMtms  pflffUMd*  Jml 
m  dtmSHm  flood*  fifty  yoon  MbiOy  140  pawat  ««io  dwwud. 

^AnmI  of  Ttoiiif  1800^'  J  sboH  oooclodo  mdi  ooo  moio  ottspifo,  ^ 
lifod  fipOB  a  land  of  daiaie  voeoDoetioiia,  tiio  aneiont  T'Ant^  aod  wkMi, 
liko  an  the  other  hrandationa  abofo  aUoded  to»  ocemiod  wtdiin  the  preaeot 
mwmtf*  The  youagar  Pttoy,  it  wU  be  loiMBbaiod,  daacribaa  a  dood 
on  the  AiiiOt  whieh  deatrojred  wooda«  roelta,  and  honaea,  with  the  moat 
sumptuooa  ▼fliaa  and  works  of  art*  For  four  or  five  centuries  consecu- 
tively, this  "headlong  stream,"  as  Ilorace  truly  called  it,  has  often  re- 
mained wiihiu  iU  bounds,  and  tlicu,  after  no  long  an  interval  of  rest,  lias 
at  different  periods  inundated  its  banks  again,  and  widened  its  channel. 
The  last  of  these  catastrophes  happened  15th  Nov.  1826,  after  heavy 
rams,  such  as  produced  the  floods  before  alluded  to  in  Scotland.  The 
waters  appear  also  to  have  been  impeded  by  an  artifical  dike,  by  which 
they  were  separated  into  two  parts,  a  short  distance  above  Tivoli.  They 
broke  through  this  dike ;  and,  leaving  the  left  trench  dry,  precipitated 
themselves,  with  their  whole  weight,  on  the  right  side.  Here  they  un- 
dermined, in  the  course  of  a  few  hours,  a  high  cliff,  and  widened  the 
river's  channel  about  fifteen  paces.  On  this  height  stood  the  church  of 
84.  lioeiaf  aod  aboot  thirty<etx  honaea  of  the  town  of  Tifoii*  which  weio 
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■II  earned  away,  pnienting,  aa  they  aank  into  the  roiiif  llodd,  a  teiriie 

acene  of  destraction  to  the  spectators  on  the  opposite  bank.    As  the 

fountlalioiis  were  gradually  removed,  each  buiUIin^^,  some  of  ihcm  edifices 
of  considerable  height,  was  Jirsl  traversed  wiih  numerous  rents,  which 
soon  widened  into  large  fissures,  uniil  at  lenerlh  the  roofs  fell  in  wiili  a 
crash,  and  then  the  walls  sank  into  the  rivcfi  and  were  buried  down  the 
cataract  below.* 

The  (lestroynig  agency  of  the  iiood  came  within  two  hundred  vards  of  i 
the  precipice  on  which  the  beautiful  temple  of  Vesta  stands ;  but  fortu- 
nately  this  preeioua  relic  of  antiquity  was  apared,  while  the  wreck,  of 
modem  atructores  waa  hurled  down  Ibe  abyai.    Veeta,  it  will  be  remen-  | 
bered,  in  the  heathen  mythoiogy,  personified  the  atability  of  the  earth; 
and  when  the  Samian  astronomer,  AriataiefaiMt  first  taught  that  the  earth  i 
nvolved  on  tia  axia»  and  round  the  run,  he  waa  publicly  aceuaed  of  im- 
piety, «  for  moving  the  everlaaiing  Yesla  from  hor  plaea.**  Playfair  ob- 
•erved,  that  when  Hation  ascribed  inaiabilily  to  the  oarth*o  nrfaeet  and 
represented  the  continents  which  we  inhabit  as  the  theitra  of  ineessant  \ 
change  and  movement*  his  antagonists«  who  legarded  them  aa  unaltenblev  i 
assailed  him  in  a  similar  manner^  with  seeosations  fonnded  on  teiigiooe 
prejndices.t  We  might  appeal  to  the  excavating  power  of  the  Anio  aa 
corroborative  of  one  of  Ibe  moat  eontroverted  parts  of  the  Hnttoaitii 
theory;  and  if  the  days  of  oatiens  had  not  gone  by,  the  geologiata  who 
now  worship  Vesta  might  regard  the  late  catastrophe  as  portentous.  We 
may,  ai  least,  recoiiiniciul  tlic  modern  volaries  of  ihc  [goddess  lo  lose  no 
time  in  makuig  a  pilgrimage  to  her  shrine,  for  the  next  tiuod  may  not  res* 
pact  the  temple. 

*  Whea  at  Tivoli,  in  1829, 1  received  tius  account  ficom  •jft-witnewes  of  tbe 
eyent. 

t  XUattr.  ef  HntL  Thaofy,  §  3,  p.  147. 
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CHAPTER  III. 


FHEuomsKA  or  aruNos. 

Ori^n  of  Sprin^i^-Bored  wells — Distinct  causes  hj  which  mineral  and  thermal 
mlMBij  W  namd  to  U^wifto  ■  Thrir  cotiwaiea  trfthvolouk  agency  (p. 

flW  Filtppo,  anr  Radicofani — Spheroidal  BtjructavB  in  travertin,  in  BwglWl 
magnesian  limestone  (p.  201.) — Bulicami  of  Viterbo-^Lake  of  the  Solfatara,  near 
Romo — Travertin  at  CR»cad«^  of  Tivoli  (p.  Si04.) — Gypseous,  Siliceous,  and  Frrni- 
ginniis  Springs — Brinf  Sprinfra  (p.  209.) — Carbonated  Springs — Diaiategration  of 
grojuLe  in  Auvergoe — Pciruieaui  Spfing*— Pitch  Lake  of  Trinidad. 

Origin  of  SpTi/igs. — 'Tmk  Acuan  ol  running  water  oi:  ilu-  land  iiaviiig 
been  considered,  wc  may  next  turn  our  attention  lu  what  may  be  tcrincU 
•*  the  subterranean  drainage,'*  or  the  phenomena  of  springs.  Every  one 
is  familiar  wiiii  the  fact,  that  certain  porous  ?oils,  such  a-s  loose  sand  and 
gravel,  absorb  water  vvah  rapidii}  ;  and  that  ihc  ground  composed  of 
them  soon  dries  up  after  heavy  shower.'^.  If  a  well  Ijc  sunk  in  such  soils, 
often  pcnciraie  to  considerable  depths  beloie  we  nieci  with  waler| 
but  this  is  usuaily  found  on  our  approaching  the  lower  parU  of  the  forma- 
tioD,  where  it  rests  on  some  imper?ious  bed ;  for  here  the  water,  usable 
t»  make  its  way  downwards  in  a  (jUnei  liiMt  aecumulates  as  in  a  reservoir, 
wad  ia  imAf  t»  OM  mi  iolo  mj  opemng  whkh  may  be  made,  in  iIm 
MM  mwwT  as  we  see  the  salt  water  flow  into,  wad  iiU»  any  hoUow 
whieh  we  dig  in  the  sands  of  the  ahora  at  low  tide. 

The  Miitf  with  which  water  can  percolate  loose  and  gnftllj  toils  is 
cImHj  iUwtiitod  by  the  efl^t  of  tlM  tadee  in  the  Ttnanes  btiwtta  Rlcb* 
mtnA  wad  hoadon.  The  rivert  in  paH  of  ili  moim»  !!•«■  ilmMigli  a 
had  at  fpasHi  ovadjritf  clqr«  tad  rba  pofoas  aapentnlsni  ia  atowiily 
«Mraled  hf  iIm  wnor  of  tiM  ThaoiM  ao  the  ikfo  nam^  and  than  dnted 

hlkh  M  liial  iha  valla  in  Ihia  tnd  lagalarly  ebb  and  flow. 

If  Iba  tranamiiaion  of  waiar  through  a  poroaa  madram  ba  ao  rapid,  wa 
aannol  ba  aarpiiaad  that  apriogs  ahoabl  ba  Ibiown  oal  on  tba  aide  of  a 
bill,  wbeie  the  upper  eat  of  atrata  aonaiat  af  chalk,  sand,  *or  oUier  perme«* 
ble  substances,  while  the  subjacent  are  composed  of  clay  or  other  reten* 
live  soils.  The  only  diiraully,  indeed,  is,  to  explain,  why  the  water  does 
noi  ooze  ou;  every  where  along  the  line  of  junction  of  ihe  two  formations, 
80  as  u>  form  one  contmuuud  land-soak,  instead  of  a  few  springs  only,  and 
these  far  distant  from  each  oilier.  The  prin  ipwl  t  ;ni!»e  of  this  concentra- 
tion of  llie  wnters  at  a  few  points  is,  fir^l,  the  frequency  of  rents  and 
fiaauiea,  whieh  act  as  natural  drams  i  secondly  the  existence  of  inequali* 
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ties  in  the  opper  rariioe  of  Ifae  impeniMable  itntaoiy  whieh  lead  %bm 
water,  «•  vaUeye  da  on  the  external  anrface  of  a  coanti/t  into  certain  law 
levele  and  channels* 

That  the  generality  of  apring*  owe  their  aopply  to  the  atnumphen  im 
endent  from  this*  that  they  become  langaid«  or  entirely  eeaee  to  How* 
after  long  diooghta,  and  are  again  replenished  after  e  continuance  of  nin. 
Many  of  them  ace  probably  indebted  for  th^  constancy  and  uniformiiy  of 
their  wolnme  to  the  gieal  ostent  of  the  sabtarranm  reserfoira  with  which 
ibey  eemauinieale,  and  ihe  tiaie  leqniied  fin  theae  ta  amply  thimialwi 
by  pereblatlon.  Sneh  a  giadiial  end  vegnlaled  diaitefe  ie  exhiUledt 
though  in  a  less  pexfect  degree,  in  every  great  lahe  which  is  not  aensibly 
affected  in  its  level  by  sudden  showers,  but  only  slightly  raised;  so  that 
its  channel  of  efflux,  uisicad  o[  btiing  sw  ollen  saddenly  hke  ihe  b^di  of  a 
torrent,  is  enabled  to  carry  off  the  surplus  \v;ii(  r  gradually. 

Much  light  has  been  thrown,  of  Kue  years,  on  the  theory  of  spniigs,  by 
the  burijifj  ol  wliatare  callLd  by  Uie  French  "Artesian  wells,"  because 
the  method  has  long  been  known  and  pracii-scd  in  Artois  ;  and  it  h  now 
demonstrated  that  there  are  sheets,  and,  m  smnc  places,  currents  of  fresh 
water,  ai  various  depths  in  the  earth.  The  irisirunieni  employed  in  ex- 
cavaliag  these  wells  is  a  large  auger«  and  the  cavity  bored  is  usually  I'rom 
three  to  four  inches  in  diameter.  If  a  hard  rock  is  met  with,  it  is  first 
triiuiatsd  by  ul  iron  xodt  and  the  materials,  being  thus  reduced  to  small 
firagments  or  powder*  am  readily  extracted.  To  hinder  the  sides  of  the 
weii  from  falling  in,  as  also  to  prevent  the  spreading  of  the  aeremiing 
weler  in  the  sarroonding  aoiU  e  jointed  p^  ia  intcodneedi  laiined  of 
wood  in  Artoia»  hnt  ia  other  eonnliMe  mofe  eommonly  of  metaL  It  fr^ 
qnendy  happens  that,  aftar  paaaing  thiongh  hnadieda  of  fbei  of  letMtfive 
ioilst  n  wale»4iearing  etntnm  ia  at  length  ptevaedv  whea  the  inid  iaun^ 
diately  aeoends  to  the  snrfnee  and  iows  oter.  The  Bm  nmh  of  iho 
water  np  the  tube  is  often  iriolan^  m  that  ler  e  lime  the  wnter  plays  Uhe 
s  teBlaint  end  tfaant  eudu^gt  eonihmee  to  ter  oter  lnatnlUy»  or  eom^ 
timea  femains  alaiieiiaiy  at  a  eeilain  depth  below  the  eriftee  of  the  weft* 
This  spoeting  of  llm  water  in  the  tet  inatanee  ia  pr^bly  owfaig  to  the 
disengagement  of  air  and  eaifaonle  naid  gast  for  both  of  these  have  been 
aeen  to  bobble  up  with  the  water.* 

At  Sheerness,  at  the  mouth  of  the  Thames,  a  well  was  bored  on  a  low 
tongue  of  land  iiuar  lIil'  j<(.'a,  thr(>ui:Ii  300  feet  of  the  blue  clay  of  Londaii, 
below  which  a  bed  of  sand  and  pebbles  was  entered,  belonging,  doubt- 
less, lo  the  plastic  clay  formation;  when  this  stratum  Avas  pierced,  the 
waU'r  hurst  up  Willi  iiupeiuosiiy,  and  filled  the  well,  hv  nnuilier  perfo- 
ration at  the  same  place,  the  wat^r  was  found  nt  the  depili  of  328  feet 
below  Uie  surface  day ;  it  iin»t  rose  rapidly  to  the  heigtit  of  198  ieety  and 

*  Qoatolt  ii^ioart  4e  Tbury's  work  «in  "  Fuit*  f«r^" 
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Uien,  In  die  eoune  of  a  ibw  honn,  ateended  to  an  elevation  of  eight  feet 

above  the  level  of  the  ground.  In  1824,  a  well  was  dug  at  Fulham,  near 
ilie  Thames,  at  the  Bishop  of  London's,  to  the  depth  of  317  feel,  w  liich, 
after  Uuversinff  the  teruary  strata,  waa  etmiiaued  ihiuugh  67  feet  of  chalk. 
The  water  !jnn.f  i!ial*^ly  rose  to  the  surface,  and  the  <ljscharge  was  ahove 
fifty  <rJloii«i  ptr  iniiinio.  In  the  garden  of  the  Hui licullural  Society  at 
Chliwick,  the  buruigi  passed  througli  ninetti  u  I'rc'.  of  «rr,»vpl.  242  (nci  of 
clay  snf!  Imm,  nnd  sixiy-sevcn  feet  of  clialk,  and  the  w  i.'  r  tl.t  ii  r<i>-f»  to 
thefurf  ici-  iVorii  a  depth  of  329  feet.*  At  the  Duke  of  Norihumberland's, 
r^hriwe  Chiswick,  the  borings  were  carried  to  the  extraordinary  depth  of 
620  feet,  so  as  to  enter  the  chalk,  when  a  considerable  volume  of  water 
vae  obtainf'fl,  which  rose  four  feet  above  the  surface  of  the  ground.  Tn 
a  well  of  Mr,  Brooks*  ai  HamiDersinitht  the  rush  of  water  from  a  depth 
of  360  feet  was  ao  great,  as  to  inundate  several  buildings  and  dn  consid* 
etmUe  damage  ;  and  at  Tooting,  a  suffieient  stream  was  obtained  to  turn 
wfciiii-aad  laiie  the  water  to  the  upper  stories  of  the  houses.t  In  the 
last  nf  ihiee  wells  bored  through  the  chalk,  at  Tours,  to  the  depth  of 
SMwal  httiidied  leet,  the  water  rose  thirty»lwo  feet  above  the  level  of  the 
ioilt  nd  the  diwharge  amounted  to  800  eubie  yards  of  water  every 
iwi^flr  feor  hooia4 

,  Emtvaltona  have  been  made  in  the  same  way  to  the  depth  of  800, 
iwi'Vffni  ISOO  feet  in  France  (the  latter  at  Toulouse),  and  without  sue* 

ecs5.§  A  similar  failure  was  experienced  in  1830,  in  boring  at  Calcutta, 
to  the  depth  of  more  than  150  feel,  through  the  alluvial  clay  and  sands  of 
Bengal.  Mr.  Bri^o-s,  the  IJtr.ish  consul  in  Egypt,  obtained  water 
between  Cair(»  ;ind  i>ut';£,  m  a  calcareous  sand,  at  the  depth  of  thiriy  Ictt; 
but  it  did  iioi  rise  in  the  well.lj  The  geoloirjcnl  strneuire  of  the  Sahara 
is  suppofcf  il,  l>y  M.  Ro7o\^  to  favour  tl)*»  jMoapect  ul  a  Mijiply  of  water 
from  Artesian  wpI1«,  ilie  par*  hr  I  satids^  oa  ilie  outskirts  of  the  desert 
test  on  a  substraiutu  of  argillaceous  luarl.^ 

The  rise  and  overflow  of  the  water  in  these  wells  is  generally  referred, 
md  apparemiy  with  reasoUt  lo  the  same  principle  as  the  play  of  an  arii- 
final  Imlaiii.  I^t  the  porous  stratum,  or  set  of  strata  a  a,  rest  on  the 
impaiBienMe  rock  d,  and  be  epvered  by  another  mass  of  an  impermeable 
nattune.  The  whole  mass  a  a  may  easily,  in  such  a  positioot  hecome 
ftintftil  with  water,  which  may  descend  from  its  higher  and  exposed 
parte  m  UUy.  region  to  which  deads  are  atlraeted,  and  where  rain 

» 

•  ?abine,  Journ.  of  Sci.,  .No.  33,  p,  78,  1884. 
t  H^ricart  de  Thury,  p.  49. 

I  Bull,  de  la  Soc.  Geol.  de  France,  torn.  iii.  p.  194. 
^  Lbid.  torn.  ii.  p.272. 

H  Bon^^  IUfam<  det  Prog,  de  U  G^ol,  en  1832,  p.  184.  ' 
f  Bolt  de  USoOr  G^L  de  Fnnce,  torn.  li.  p.  364. 


Digitized  by  Google 


IM  OUmi  or  BPRIMML  PMl  ul 


falls  in  a!)un(]ance.  Suppose  that  at  some  point,  as  at  b,  an  opening  be 
made  whicli  jjives  a  free  passage  upwards  to  the  waters  confined  in  a  a 
at  80  low  a  level  that  they  are  subjected  to  the  pressure  of  a  considerable 
column  of  wntor  collected  in  the  more  elevated  portion  of  the  same  stra- 
tum. The  water  will  then  rush  out,  just  as  the  liquid  from  a  lariro  barrel 
which  is  tapped,  and  it  will  rise  to  a  height  corresponding  to  the  level  of 
its  point  of  departure,  or,  rather,  to  a  height  which  balances  the  pressure 
previously  exerted  by  the  confined  waters  against  the  roof  and  sides  of 
the  stratum  or  feeerroir  a  a.  In  like  manner,  if  there  happen  to  be  a 
natural  fissure  e,  a  spring  will  be  produced  al  the  aurfiMO  on  praeiiely  tho 
same  principle. 

Among  die  eanses  of  the  fidlnie  of  artesian  wells*  we  mxf  mention 
those  nnmerotts  tents  and  faults  whi«di  aboimd  in  some  loeb,  and  the 
deep  xivines  and  Talleys  by  which  many  oonntries  aie  tnveised  {  loi^ 
when  these  natural  lines  of  drainage  exist,  there  remains  a  small  qvaaititf 
only  of  water  to  eseape  by  artifietal  issues*  We  aie  also  liable  to  bo  bsil> 
fled  by  the  great  thickness  either  of  porous  or  imperrious  strata,  or  h]r 
the  dip  of  the  beds,  which  may  carry  off  the  waters  ftom  adjoiatef  Ugk 
lands,  to  some  trough  in  an  opposite  ditection ;  as  when  the  borings  am 
made  at  the  foot  of  an  escarpment  where  the  strata  incBno  lownds,  or  hi 
a  dfaeetion  opposite  to  the  face  of  the  elifib. 

The  mere  distance  of  hills  or  mountains  need  not  dlseowage  im  fnm 
making  thals ;  for  the  waters  which  fall  on  these  higher  lands  readily 
penetrate  to  great  depths  throu<zh  highly  inclined  or  vertical  strata,  or 
througli  the  fissures  of  shattered  rocks,  and  after  flowing  for  a  great  dis- 
tance, must  often  re-ascend  and  be  brought  up  again  by  other  fissures,  sa 
as  to  approach  the  surface  in  the  lower  country.  Here  they  may  be  con- 
cealed beneath  a  covering  of  undisturl)cd  horizontal  beds,  which  it  may 
be  necessary  to  pierce  in  order  to  reach  them.  It  should  be  remembered, 
that  the  course  of  waters  flowing  under  ground  bears  but  a  remote 
.  resemblance  to  that  of  rivers  on  the  surface,  there  being,  in  the  one  c:i«e, 
a  constant  descent  from  a  higher  to  a  lower  level  from  the  source  of  the 
stream  to  the  sea ;  whereas,  in  the  other,  the  water  may  at  one  time  sink 
far  below  the  level  of  the  ocean,  and  afterwards  rise  again  high  above  it 

Among  other  curious  facts  ascertained  by  aid  of  the  bover,  it  is  proved 
that  instrata  of  different  ages  and  compositions  there  arc  often  open  peas- 
ages  by  which  the  subterranean  waters  circulate.  Thus,  at  St.  Ouen,  in 
Franee,  five  distinct  sheets  of  water  were  intersected  in  a  weU,  and  ftom 
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taoh  of  AeM  «  mipply  obtained.   In  the  third  wator-besrinf  itrttom,  at 

the  depth  of  150  feet,  a  cavity  was  found  in  which  the  borer  fell  suddenly 
about  a  foot,  and  thence  the  water  ascended  in  great  volume.*  The 
same  falling  ul  ihc  instrument,  as  in  a  iiollow  space,  has  been  rema.iked 
in  England  and  otlier  countries.  At  Tours,  in  1830,  a  well  was  perfo- 
rau  d  quite  through  the  clialk,  when  the  waior  suddenly  broujjhi  up,  from 
a  depth  of  374  leet,  a  great  quantity  of  line  sand,  wilh  much  vegetable 
mailer  and  shells.  Branches  of  a  thorn  several  inches  long,  niucli  black- 
ened by  ibeir  stay  in  the  water,  were  recogmsed,  as  also  the  stems  of 
marsh  planta,  and  some  of  their  roots,  which  were  still  white,  together 
with  the  seeds  of  the  same*  in  a  state  of  praservation*  which  showed  that 
ihey  had  boC  remained  more  than  three  or  four  months  in  the  water. 
AflMMig  the  seeds  were  those  of  the  marsh-plant  Galium  uHgmamtmf  and 
among  the  sh^,  a  freshwater  speeies  {Flanorbiw  numjnuUu$)f  and  some 
land  npeoiea,  as  HeUx  rohmdtUa-  and  IL  atriaia,  M.  Dujavdln,  who, 
wilh  others*  obserred  this  phenomenoD,  snppoees  that  the  waten  had 
flowed  from  some  Tsllrft  of  Anveigne  or  the  Vivaiais  sineo  the  pieeediaf 
antnmn.t 

An  amdogons  phenomtoon  Is  reooided  at  Riemke,  near  Boehnm  in 
Wisiplislinj  where  the  water  of  an  artesian  well  brongfat  np,  (irom  a  depth 
of  166  leet,  sefoiil  small  fish,  three  or  four  inches  long,  the  nearest 
streams  in  the  country  being  at  the  distance  of  some  leagues. :|: 

In  both  cases  it  is  evident  that  Wiitcr  !iad  penetrated  to  greal  de|»iliS, 
not  simply  by  filtering  through  a  porous  mass,  for  then  it  would  have  left 
behind  the  shells,  fii>h,  and  fragments  of  plants,  but  by  lluwiiig  ihrouL'^h 
&ome  open  channels  in  the  earth.  Such  rxainples  may  suggest  the  idea 
that  the  kaky  beds  of  rivers  are  often  the  feeders  of  springs. 

MnmAli  AMD  THBKHAL  SPRliraS* 

Almost  all  springs,  even  those  which  we  consider  the  purest,  are  im- 
pregnated with  some  foreign  ingredients,  which,  being  in  a  state  of  chemi- 
eii  soiotion,  are  so  intimately  blended  with  the  water,  as  not  to  affect  its 
eleamess,  while  they  vender  it,  in  generali  noio  agreeable  to  our  taste, 
and  more  nntrittoas  than  simple  rain-water.  Bat  the  springs  ealled 
minenl  eontaia  an  nnnsoal  abundanee  of  earthy  matter  in  solntiony  and 
the  snbstanees  with  whi^  they  are  impregnated  eonespond  remarkably 
with  those  ovolfed  in  a  gaseous  form  by  volcanos.  Many  of  these  springs 
are  thermal»  and  they  liae  np  throngh  all  kinds  of  roek;  as,  for  ezample« 
ihroogh  gKaaile«  gneiss,  limestone,  or  Inva,  bat  are  most  frequent  In  toI- 
eanie  legions,  or  where  Tiolent  emthquakes  hate  oeeaned  at  eras  eom- 
paralifely  modern^ 

•  H.  do  Thuryyp.S95. 

t  Boll. deU8oc.€^ol.de Fiance, torn. I. p. g&.  t  Jbi4.p.m 
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The  walnr  pna  oat  by  hoi  sfirtDgi  ii  geiMraily  awni  tvlaflrfiMBi  aaA 
]mi  wiablo  In  qoaatitjr  at  dUfonBi  9naomB  ihaa  that  pfoceedinf  fkmn 
way  othen.  In  many  Toleanie  ffigloiia«  jata  of  ateaiiit  eaUad  bj  the  Italittw 
•«ttufas«'*  iaaue  from  fiaaafaa,  at  a  tampaiiUira  bifh  abofe  tha  boiling 
point,  as  in  the  neighbourhood  of  Naples,  and  in  the  Lipari  Itlea,  and  aro 
dUengageil  unceasingly  for  ages.  Now,  if  such  columns  of  steanni,  which 
are  often  mixed  with  other  gases,  should  be  condensed  before  reaching 
the  surface,  by  coming  in  contact  wilh  strata  iiiled  with  cold  water,  the^r 
may  give  rise  to  thermal  and  mineral  sprinirs  of  every  degiee  of  tempera- 
ture. It  is,  indeed,  by  this  means  only,  and  not  by  hydrostatic  pressure, 
that  we  can  account  for  the  rise  of  such  bodii  s  of  \v;iier  from  great  depih?; 
nor  can  we  liesilate  to  admit  the  adequacy  of  the  muse,  if  we  suppose  the 
expansion  of  the  same  elastic  fluids  be  suiTictent  to  raise  columns  of 
lava  to  the  lofty  summits  of  volcanic  mountains.  Several  gases,  the 
carbonic  acid  in  particular,  are  diaeogaged  in  a  free  atale  from  the  aoil  in 
many  dialricta,  eapecially  in  the  regions  of  active  or  extinct  volcanoa ;  ma4 
the  same  are  found  more  or  less  intimately  combined  with  the  waters  of 
all  nineral  apriogs,  both  cold  and  ihenaal.  Dr*  Daubeny  aod  othet 
writeis  have  lemarked,  net  ooly  that  theae  apriaga  an  moat  abaiidant  in 
Toleanic  regiona,  but  Ibat  when  reoaoie  from  them,  their  aite  oenally 
eoMieidea  wilh  the  poeitioii  of  aome  great  derangement  in  theeliata;  a 
fault,  for  example*  or  great  fiaaure*  indicatiDg  that  a  ehamiel  of  eommui-' 
eatioii  haa  beea  opened  wilh  tho  ulterior  of  iho  earlh  at  aome  former 
period  of  local  eoavolaioii.  . 

The  small  am  of  Tolcanic  regloiia  may  appear,  at  firat  view,  an  objec- 
tion to  this  theory,  but  not  so  when  we  include  earthquakes  among  the 
eflecia  of  igneous  agency.  A  \-dc^e  proportion  u{  Uic  laiul  hiiheno  ex- 
plored by  peoloffists  can  be  shown  to  have  been  rtru  or  shaken  by  sub- 
terranean movements  since  the  oldest  tertiary  sirau  w  ere  formed.  It  wiii 
also  be  seen,  in  the  sequel,  that  new  springs  have  burst  out,  and  others 
have  h:ul  the  vohime  of  their  wnlers  :ui lamented,  and  their  temperature 
siulcleiily  rained  after  earthquakes  ;  so  tlsai  the  description  of  \he>Q  synngs 
might  almost  with  equal  propriety  have  been  given  under  the  licad  of 
**  igneous  causes,*'  as  Ihey  are  agenta  of  a  mixed  iiatara»  being  at  ooco 
igneoua  and  aqueous. 

But  how,  it  will  be  aaked,  can  the  regions  of  voleanie  heat  send  forth 
eoch  inexhaustible  supplies  of  walert  The  difficulty  of  solving  this 
problem  wonki«  in  truth,  be  inaurmoontable,  if  we  believe  that  all  Iho 
atmoapheric  waters  found  their  way  into  the  btain  of  the  ooeaa;  b«t  in 
boring  near  the  ahofe,  wo  often  meet  wilh  etreame  of  lireih  water  at  tho 
depth  of  aeveial  hundred  feet  below  Iho  aeo  level;  and  theae  probab^ 
deacendt  in  many  caaea,  far  beneath  the  bottom  of  the  eeai  when  not  aril* 
fieially  intercepted  in  their  covrae.  Yely  how  much  greater  may  be  the 
quantity  of  aalt  water  which  ainha  beneath  the  floor  of  the  ocean»  Ihrooglh 
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Hie  porM  •tnta  of  which  il  is  ohm  ooapoted,  «r  through  fissures  rent 
in  it  bgr  ewtbiittakflsl  After  penetrating  to  a  eonndeiable  depth*  this 
waltr  masf  amittttr  a  heat  of  wifioiiiit  iatansi^  to  ooawt  it  into  ?apoiur» 
mrm  indsr  the  high  prtnaro  to  whidi  it  woiU  than  be  mlqeeied.  Thie 
heat  woold  pnMdy  be  neeioet  the  aoi^  in  Voloaiuo  eoimtriee,  and 
teiheaft  liMMn  it  in  tboea  dialriela  which  hate  heen  hngeat  fiee  from  ernp- 
tiioea  or  earthqnakoe;  hnt  to  pniaoe  thia  inqoiiy  farther  wonU  lead  ae  to 
wtieipeia  nwny  topics  belooginf  to  another  difiaion  of  oor  aobjeel. 

It  wwdd  ibUow  ftom  the  viewa  ahove  eip]ained»  that  theie  must  be  a 
two-feld  oitenlation  of  teneetrtal  wateia;  one  eanae^  by  eobr  heat,  and 
tlw  other  bj  heat  geuenled  in  the  interior  of  onr  planet  Wo  know  that 
the  land  woald  be  unfit  for  Tegetation,  if  deprived  of  the  waters  raised 
into  the  atmosphere  by  the  sun;  but  it  is  also  true  that  mineral  springs 
are  powerful  instruments  in  renderinff  the  surface  sijbscrvn  ni  la  the  sup- 
port ui  auiaial  ami  vegetable  life.  Their  heat  is  8aitl  lo  j  roinott  the  de- 
▼elopment  of  the  aquatic  tribes  in  many  parts  of  the  ocean,  and  the  sub- 
stances which  they  carry  up  froiu  Ujc  bowels  of  the  earth  to  the  habitable 
surface,  are  of  a  nature  and  in  a  form  which  adaptil  them  peculiarly  for 
the  nutrition  of  nirimals  and  plaDt.s. 

As  tlir.'-c  springs  derive  their  chiel"  importance  lu  tli<;  L':f't'l<>ii:st  from 
llie  quantity  and  quality  of  the  earthy  materials  wiiich,  hke  volcanos, 
they  convey  from  below  upwards,  liiey  may  properly  be  considered  in 
reforence  to  the  ingredients  which  they  hold  in  solution.  These  consist 
of  a  great  variety  of  substances ;  but  the  most  predominant  are,  earboaate 
of  lime,  carbonic  and  sulphuric  acids,  iron»  ailica,  magneelat  alumine,  and 
eait,  beaides  petroleum*  or  liquid  bitunen*  and  ita  variooe  modifieaiionat 
eoch  aa  mioenl  piteh,  naptha,  and  aaphaltum. 

Cakwreous  springs, — Our  first  attention  ia.nalnnlly  directed  to  apringa 
whieh  are  highly  eharged  with  calcareous  matter ;  for  these  prcMlvee  a 
▼ariety  of  phenooiena  of  much  inteiest  in  geology.  It  ie  known  that 
nbi^wiler  haa  the  property  of  dieaolring  the  ealeareona  voeka  over  which 
il  iowa,  and  thna^  in  the  amalleet  pondt  and  riva]eta»  matter  m  often  aop* 
plied  Car  the  earthy  aeeratione  of  teetaeea»  and  for  the  growlb  of  eertam 
planta  on  whieh  they  feed.  Bnt  many  apringa  hoU  ao  moch  cariMinie 
•eid  ui  eolntioOf  that  they  an  enabled  to  diaaolve  a  much  larger  qoantity 
of  ealeaieooa  mattei  than  rain-water ;  and  when  the  aeid  la  diaaipated  in 
im  atmoephere*  the  mineral  ingradienta  era  thrown  downt  m  the  ibnn  of 
tufa  or  trarer^.* 

^uvergne, — Calcareous  springs,  although  meet  abundant  In  Umeatone 

disiricu,  are  by  no  means  con^ned  lo  them,  but  flow  out  indiscriminately 

*  The  flseie  loose  and  poroas  vod^  asoslly  seatiiBing  incmsted  plants  and  other 
sobstasoeB,  ia  called  toft;  the  ttoie  eompaet,  tiafwtia.   Soo  eiosBHy> 
<TiKrattiii,*endof  VsLL 
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liNNn  iU  Kodc  IbfiBttions.  In  Central  Fmm»  a  dattnel  wWre  ikm  pri- 
mary  roeka  are  unusually  destitute  of  ltineatOBe«  apdofi  w^kmsly  charged 
with  eatbooate  of  Itaie  riae  up  through  tht  granite  and  gneite.  Soom  of 
thaaa  ait  Uwrnial,  and  piobaUf  derita  tfaair  origin  ftom  tha  daep  aovm 
of  Tolaania  haatt  onee  ao  tettvaia  lhatrtgioB,  Ona  of  Ibaia  apringa,  at 
tba  BDrthara  baae  of  tha  bill  vpoii  wlnah  dammit  ia  bailt,  iaioaa  §nm 
Yokanie  pepariao,  which  leiti  on  granita.  I&  baa  finmd,  hj  iti  iaana- 
tationa*  an  ^afalad  mooid  of  trafartiD,  or  whita  aonmiioiiaiy  IhoaoloDe* 
840  faat  in  langtbt  and«  ai  its  teiminatiDn,  aiitaen  ISwi  high  and  Iwcifo 
wida.  Another  incrosting  spring  in  the  aama  dapartMaati  aitaalad  it 
Chaloaat»  near  Pant  Qibaud,  risaa  in  a  gnaua  eonatry,  at  tha  foot  of  a 
regular  vokanio  oonot  at  least  twenty  milas  ftom  any  caleaiaocia  fodc. 
Soma  maaaae  of  tafaaaooa  depoeat,  pradnead  by  tbia  apring,  hafo  ai 
'oolitic  texture. 

Vcdley  of  the  Eha, — If  we  pass  from  the  volcanic  district  of  France  to 
thai  wliich  skirls  the  Apennines  in  ilie  Italian  peninsula,  we  meet  wiih 
iiim;intjiaL»le  springs  which  have  precipitated  so  much  calcareous  ntiaier, 
tliai  the  wliolo  eruaud  in  some  parts  of  Tuscany  is  coated  over  wiih 
»travertin,  and  isuunds  hollow  beneath  the  foot. 

In  other  places  in  the  same  country,  compact  rocks  are  seen  descending 
the  slanting  sidc>  of  hills,  very  much  in  the  manner  of  lava  curr^^tus, 
except  that  they  arc  ol  a  white  colour,  and  terminaie  abrupdy  whi  ii  they 
reach  llic  course  of  a  river.  These  consist  of  the  calcareous  prccipiiale 
of  springs,  some  of  them  still  flowing,  while  others  have  disappeared  or 
changed  their  position.  Such  masses  are  frequent  on  the  slope  of  the 
hilia  which  bound  tha  valley  of  the  Elsa,  one  of  Uie  tributaries  of  tha 
ArnOi  which  flows  near  Colle,  through  a  vallay  several  hundred  feet  deep» 
shaped  out  of  a  hiaostrine  fofOialioDy  oenlsining  fossil  shells  of  existing 
species.  The  travertin  is  unconformable  to  the  Inaostriaa  beds,  cad  its 
inolination  accordis  with  tha  slope  of  the  sides  of  tha  valley. 

One  of  the  finest  axamplaa  whioh  I  aaw»  waa  at  tha  Molino  dalla  Gel- 
dane,  near  C<^. 

Tha  Sena,  and  aevetal  other  anatt  rivnlata  whiefa  feed  tha  Elsa,  kava 
tha  paapar^  of  lapidilying  wood  and  hMba;  andt  in  Aa  bed  of  tha  Bias 
itaelf,  aqnatie  plants,  suoh  aa  Ohanh  whiah  absorb  larga  qnantitiaa  af 
earbonata  of  lime,  aia  vary  abnndant  Csibonia  aoid  ia  also  aaan  in  (ha 
aan*  valley,  babbling  up  from  asany  springs,  whaia  no  praeipitsia  of  tnfe 
ia  observable.  Taigioni,  who  in  his  travels  lias  mentionad  a  great  nnm- 
bar  of  minersi  waters  in  Tasesny,  foond  no  diffiBrence  between  the 
deposila  of  eoU  and  iheraral  springs.  They  issue  sometimes  from  the 
older  Apennine  limestone,  shale,  and  sandstone,  while,  in  other  places, 
they  flow  from  more  modern  deposits  ;  but  even  in  the  latter  case,  their 
source  may  |)robably  be  in  or  below  the  older  series  of  strata. 
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Hathi  of  San  lls^nonc. — Those  persons  who  have  merely  seen  Ihe 
letioii  of  petrifying  waters  in  our  own  country,  will  not  easily  form  an 
adequmte  eoneeplion  of  the  tcale  on  which  the  same  process  is  exhibited 
m.  thoM  regioDi  which  Ue  nearer  to  the  active  centres  of  volcanic  disturb- 
ttiee.  One  of  th«  moat  itriking  examples  of  tlie  rapid  precipitation  of 
eaibooate  of  lime  from  thennal  waters  occurs  in  the  hill  of  San  Vignone 
in  Tnacanyy  al  a  ahorl  diatanoe  (rom  Radico^i,  and  only  a  few  hnndved 
yaida  from  the  high  foad  between  Siennn  and  Rome.  The  spring  iasnes 
from  near  Ihe  summit  of  a  rocky  hill,  about  100  feet  in  height.  The  lop 
of  die  hill  is  flat,  and  sttetchea  in  a  gently  inclined  platform  to  the  foot  of 
IfooBl  Anuatev  a  lofty  eminence,  which  consists  in  great  part  of  volcanic 
pmdnets.  The  fondhunental  roch,  from  which  the  spring  issnes,  is  a 
Mack  slate,  with  serpentiQe  (h  b.  Fig.  11.),  belongtag  to  the  older  Apen* 
nine  formation.  The  water  is  hot,  has  a  strong  taste,  and,  when  not  in 
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Twy  small  quantity,  is  of  a  bright  gieen  colour.  So  rapid  is  the  deposi- 
tion near  the  sonfce,  that  in  the  bottom  of  a  condoit^pipe  for  carrying  off 
the  water  to  the  baths,  and  which  is  inclined  at  an  angle  of  half  a 
foot  of  solid  travertin  is  formed  every  year*  A  more  compact  rock  is 
produced  wheie  die  water  flows  slowly,  and  the  precipitation  in  winter, 
when  there  is  least  evaporation,  is  iaid  to  be  more  solid,  but  less  in 
quantity  by  one-foorth,  than  in  snmmer.  The  rock  is  generally  while ; 
some  pans  of  it  are  compact,  and  ring  to  the  hammer ;  others  aie  cellnlart 
and  Nviih  such  cavities  as  are  seen  in  the  cariotts  part  of  bone  or  the 
siliceous  millstone  of  the  Paris  basin.  A  portion  of  it  also  bclow  the 
village  of  San  Vi<rnone  consists  of  incrustations  of  long  vegetable  tubes, 
and  may  be  called  tufa.  Sometimes  the  travertin  assumes  precisely 
the  botryoidal  and  mammillary  forms,  common  to  similar  deposits  in 
Auver«rnc,  of  a  much  older  dale,  hereafter  to  be  mentioned;  and,  like 
them,  it  often  scales  off  in  thin,  slighdy  undulatinjr  layers. 

A  large  mass  of  travertin  {r,  ¥\g.  11.)  df-scends  t)ic  hill  from  the  point 
where  the  spring  issnes,  and  reaches  to  tlie  distance  of  about  half  a  mile 
east  of  San  Vignone.   The  beds  take,  the  slope  of  the  hill  at  about  an  \ 
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an(^fl  of  and  the  planes  of  atratification  are  perlecUy  parallel.  One 
straiuiu,  composed  oi  many  layers,  is  of  a  compact  natare,  and  iliieeo  feet 
thick:  it  serves  as  an  excellent  building  stone,  and  a  mass  of  fifteen  feet 
io  length  was,  in  1828,  cut  out  for  the  new  bridge  over  the  Orcia.  Another 
branch  of  it  (a,  Fig^.  11.)  descends  lo  the  wosi,  for  250  fc  i  i  in  length,  of 
varying  thickness,  but  sometimes  200  IVet  iJeep  :  it  is  then  cut  off  by  the 
sniuU  fiver  Orcia,  precisely  as  some  glaciers  in  Switzerland  descend  into 
a  valley  till  their  progiMt  is  suddaiiljr  arretted  by  a  tcanivene  streaa  o£ 
water. 

The  abrupt  termination  of  the  mast  of  rock  at  the  river,  when  its  thick- 
nets  ii  nndiminisbed,  dearly  sliows  that  it  would  proceed  much  farther 
if  not  arrested  by  the  stream,  over  which  it  impends  slightly.  But  it 
etnnot  encroach  upon  the  channel  of  the  Oreia,  being  oonslantly  under- 
mined, so  that  its  solid  fragments  are  seen  strewed  amongst  the  alluvial 
gravel.  However  enormous,  therefore,  the  mass  of  solid  rock  may  appear 
which  has  been  given  out  by  this  single  spring,  we  may  M  assured  that 
it  is  insignifieant  in  volame  when  compared  lo  that  which  has  been  carried 
to  the  aea  since  the  time  when  it  began  to  flow«  What  may  have  been  the 
length  of  that  period  of  time,  we  have  no  data  for  eonjeetnring.  In  qvai^ 
lying  the  invertln,  Roman  Ules  have  been  sometimes  found  at  the  depth 
of  five  or  six  feet. 

Baih$  San  /ll^ppo.*-^n  another  hillt  not  many  milee  from  that  last 
mentloDod,  and  also  connected  with  Mount  Amiata,  the  commit  of  which 
is  about  three  miles  distant,  are  the  celebrated  baths  of  San  Fitippo.  Tlie 
subjacent  rocks  consist  of  alternations  of  black  slate,  limestone,  and  ser* 
pentine,  of  highly  inclined  strata,  belonging  to  the  Apennine  formation, 
and,  as  at  San  Vignone,  near  the  boundary  of  a  tertiary  basin  of  marine 
orii?in,  consisting  chiefly  of  blue  argillaceous  marl.  There  are  three  warm 
spriiig^i  here,  containing  carbonate  and  sulpliatc  of  lime,  and  suljihiiie  uf 
magnesia.  The  water  which  suppUii>  the  baths  falls  into  a  pond,  where 
it  has  bteii  known  to  deposit  a  solid  massf/itr/y  feet  thicks  in  about  twenty 
years.*  A  maniilaet  iry  of  medallions  in  basso-relievo  is  carried  on  at 
these  baths.  'I'iie  water  iscoadacletl  by  canals  into  several  pits,  in  which 
It  deposits  travertin  and  crystals  of  sulphate  of  lime.  After  being  thus 
freed  from  its  grosser  parts,  it  is  conveyed  by  a  tul>e  to  the  sinnmit  of  a 
small  chamber,  and  made  to  fall  through  a  stiaec  of  ten  or  twelve  feet. 
The  current  is  broken  in  its  descent  by  numerous  crossed  stick^^,  by  \s-liich 
the  spray  is  dispersed  around  upon  certain  moulds,  which  are  rubbed 
lightly  over  with  a  solution  of  soap,  and  a  deposition  of  solid  matter  like 
marble  is  the  result,  yielding  a  beautiful  cast  of  the  figures  formed  in  the 
mould.t  The  geologist  may  derive  fiR>m  these  ezperimenH  ooosideiable 

•  Dr.  GroMe  oaiheBslhserSaafilippo.  Ed,  FUl. /oum»  veL  II.  p.  ML 
t  Ibid.  p.  W. 
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light,  in  regnrvl  to  the  high  inclination  at  which  some  semi-crystalline 
prccipiL  Uioas  can  be  formed  ;  for  some  of  the  moulds  are  disposed  almost 
perpendicularly,  yet  the  deposition  is  nearly  equal  in  all  parts. 

A  iiartj  stratum  of  stone,  about  a  foot  in  thickness,  is  obtained  from 
the  waters  of  Filippo  in  four  nionllis  ;  ami,  as  the  springs  are  powerful 
and  almost  uniform  in  the  quantity  given  out,  we  are  at  no  loss  to  com- 
prebend  the  magoitude  of  the  mass  which  descends  the  hill,  whieh  is  s 
mile  and  a  quarter  in  length  and  the  third  of  a  mile  in  breadth,  in  some 
place*  attaining  a  thickness  of  350  feet  at  least.  To  what  length  it  might 
have  reached  it  is  impoeiible  to  eeojeetaie,  at  it  ia  cot  off,  like  the  tra- 
vertin of  San  Vignone,  by  a  small  stream,  where  it  terminalee  abni|»tly« 
The  remainder  of  the  matter  held  in  eolntkm  U  carried  on  probably  to  the 
eea. 

Sjphmndai  elmefniv  in  lfaverltii.-^BQt  what  rendera  thie  recent  lime- 
alone  of  pecnliar  intereet  to  the  geologist,  i*  the  epheroidal  form  whieh  it 
aasumee,  analogone  to  that  of  the  cascade  of  Tivoli,  afierwarde  to  be 
deeeribed.  The  lamination  of  some  of  the  concentric  masses  la  io  minnte 
that  sixty  may  be  eounted  in  the  thickness  of  an  inch,  yet,  notwithstand- 
ing these  marks  of  gradual  and  successive  deposition,  sections  are  some- 
times exhibited  of  what  might  seem  to  be  perfect  spheres.  This  tendency 
to  a  uiaintiiiilary  and  globular  structure  arises  from  the  facility  witli  which 
the  calcareous  matter  is  precipiiateJ  in  nearly  equal  quantities  on  all  sides 
of  any  fragment  of  shell  or  wood,  or  nny  inequality  of  the  surface  over 
which  the  mineral  water  ilows,  the  form  of  the  nucleus  being  readily 
transmitted  through  any  number  of  successive  envelopes.  But  these 
masses  can  never  be  perfect  spheres  nlihou^h  iliev  otieii  appear  such 
when  a  transverse  section  is  made  in  any  line  not  in  the  direciiun  of  the 
point  of  attachmeat.  There  are,  indeed,  occasionally  seen  small  ooiitie 
and  pisolitic  grains,  of  which  the  form  is  globular  ;  for  the  nacleus,  having 
been  for  a  time  in  motion  in  the  water,  has  received  freah  aeeeaaiona  of 
matter  on  all  aidee. 

In  the  same  manner  I  have  seen,  on  the  vertical  walla  of  large  steam 
boilers,  the  heads  of  nails  or  rivets  covered  by  aeeciee  of  enveloping  crosie 
of  calcareone  matter,  nsnally  sulphate  of  lime ;  eo  that  a  concretionary 
nodule  ie  formed,  preserving  a  nearly  globular  shape,  when  increased  to 
a  mass  several  Inches  in  diameter.  In  these,  as  in  many  travertins,  there 
Ie  often  a  combination  of  the  concentric  and  radiated  structure,  and  the 
last-mentioned  character  is  one  of  those  in  which  the  English  magnealan 
Umestooe  agrees  with  the  Italian  travertins. 

Another  point  of  resemblance  between  these  rocks,  in  other  respects 
so  dissimilar,  is  the  interference  of  one  sphere  with  another,  and  the 
occaiMuual  occurrence  of  cavities  and  vacuities,  constituting  what  has 
been  called  a  honeycombed  structure,  and  also  the  frequent  interposuion 
of  loose  incoherent  matter,  between  different  solid  spheroidal  concretions. 
Vol.  I.— 2  A 
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Y«lt  a»twiUiBtiodteff  msk  poiois  of  analogy,  VtoAmon  Mfwick  ob* 
iWfWit  that  there  are  pvo^fii  of  Um  conovitaiiry  arrangement  in  tho 
aaignesian  limestone  hsiing  taken  plaos  mhnipimtly  to  original  dep— a 
^00*  for  in  this  case  the  spkmML  fennt  m  «te  qail»  hidipiiiimt  of 
tba  diieiHaMi  of  the  lamiMi.* 

JMiMMi  ^  Fiferftff miiil  not  attisipdn  deonibe  all  tho  plMt  is 
Itdy  wbm  tiio  eooatuil  Ibmalkin  of  IumHodo  maf  bo  mn,  mm  on 
aUiiio*  near  PMrtam*  on  tho  Yoliiio  at  Tacnif  and  In  tfio  vioinkjr  ofYUmt^ 
bo.  Aboot  a  miU  and  a  halC  aoilh  of  tlia  kitar  lown»  in  tho  midat  of  • 
aiorila  plain  of  votea&ie  aand  and  aaboa»  and  noar  tho  bo4  balfaa  oaDod  tfw 
Bnliounit  m  moniioiilo  ia  Man,  about  twtnty  Ibet  high  and  fivo  bnndnd 
jaido  in  «lminfiiinnoa»  enUialy  oovpoaad  of  oonoiotioaary  twaotliii. 
Thia  roek  baa  been  largely  quarried  for  lime,  and  niiieh  of  it  appeaia  tn 
have  been  removed.   The  lamina  are  fory  thin,  and  tbair  adnute  undn- 
lations  »o  arranged,  that  the  whole  mass  has  at  once  a  concentric  and 
radiated  structure.    The  beds  dip  at  an  ans^le  of  40°  or  more  from  tho 
centre  of  the  monucule  outwards.    The  whole  mass  has  evidently  been 
formed  gf.itiually^  like  the  conical  mouiids  of  the  geysers  in  Icc  kuid,  by  a 
suiali  jet  or  fountain  of  calcareous  water,  which  overflowed  from  the  sum- 
mit f>f  the  monticule.    A  spring  of  hot  water  ftill  lysues  in  the  npiL'libour- 
iiood,  which  is  conve)  rd  to  an  open  tank  nseil  as  n  bath,  the  botioin  and 
sides  of  wliich,  as  well  as  Uie  open  contluii  wiiifih  conveya  the  water*  are 
€Ocru8ted  with  traverlia. 

Campagna  di  RonuL — The  country  around  Rome,  like  many  parts 
Iho  Tuaoan  Staloa  already  lafenred  to.  liaa  been  at  aono  Ibrmer  period  the 
ailo  of  nomerons  Tolcanic  eruptions ;  and  the  springs  are  still  eopiottaly 
iaapragnated  with  UinOt  carbonio  aeid»  and  sulphuretted  hydrogen.  A  hot 
apriog  has  lately  been  diaoovered  near  Civita  Veoebii^  by  8ignor  Ricci- 
oli,  which  dapoaita  alternate  beds  of  a  yellowish  tnrartin,  and  a  while 
graaoUf  lock,  not  diaiimpualiablai  in  liand  apaajawnit  oiibar  in  giain* 
ooloar,  or  eompoaitioDf  from  atatuaiy  marble.  There  ia  a  paaaafo  bo» 
twoaa  thla  and  ordinary  tmfortin.  Tho  maaa  aacnnnlaiod  naar  dio  apriof 
ia  in  aoma  plaoaa  abontaiz  ibat  thiek. 

Xayfcf  ^lAa  iSbjrnlM-4p  Iho  Campagna,  botwoan  Boom  and  TIfoli. 

*  Geol.  Trans.  2d  series,  vol.  iiL  p.  37.  I  have  lately  seen  some  specimens  of 
spheroidal  m&gnestan  limestone,  collected  by  Professor  Sed^ick,  where  the  cal* 
carpous  laminir  nn-  intersected  at  a  hlfyb  antrle  by  the  boundary  line  of  the  globule  of 
which  they  torm  a  pnrt.  In  a  former  edition  I  staled,  that  on  risiting'  Sunderland  im- 
mediately ailer  examiaing  Uie  travertins  of  Auvergikeanil  Sicily  (the  former  of  lacus* 
trine,  ths  latter  of  snfasurbM  origin),  I  recogmssd  a  stnking  degiee  of  identity  in  the 
prevailing  conere^naiy  Ibims  assimed  by  oar  maywisn  limwotene  aad  tboso  of 
the  tcaTertins  with  tho  ^poaianee  of  which  my  eye  was  then  flunaliar.  I  aa  stUI 
eonvinced  that  maoh  light  would  be  thrown  on  the  mode  of  formation  of  both  theos 
rocks  by  a  eooipoiloBO  oCthe  poiaio  ia  whioh  they  anrtaaUj  agise  with  or  difbiflose 
eaob  other. 
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ii  the  blfie  •r  *a  SolteHn^  ctUtd  abo  Lag9  di  Zolfo  (Itm  albula.)  into 
Wlliell  flows  mrtuiQiny  »  ttnun  of  tepid  ivater,  from  a  smaller  lake 
■toated  a  few  yards  above  it.  The  water  is  a  saturated  solution  of  car- 
bonic acid  gas,  which  escapes  from  it  in  such  quantities  in  some  parts  of 
its  surface,  that  it  has  the  appearance  oi  being  actually  in  ebullition.  I 
have  found  by  experiment,"  says  iSir  Humphry  Davy,  ••that  the  water 
taken  from  the  most  tranquil  part  of  the  lake,  even  alter  hriii^  n<ritated  and 
exposed  to  the  nir,  contained  in.  solution  more  than  its  own  volume  of  car- 
bonic acid  pas,  w  ith  a  verv  small  quantity  of  sulphuretted  hydrogen.  Its 
high  temperature,  which  is  pretty  coaslant  at  80°  of  Fahr.,  and  the  quan- 
tity of  carbonic  aeid  that  it  contains,  render  it  peculiarly  fitted  to  affonl 
Booiiihment  to  vegetable  life.  The  banks  of  travertin  are  every  where 
eofevad  with  reedSf  Uehen,  confervwt  WMi  varioai  kisds  of  aquatic  vegela- 
Mm ;  attd  at  the  same  time  that  the  pioeeea  of  vegetable  life  ii  goings  on, 
ikn  WijofciliiBiMMii  of  tbo  caleaioooa  matter,  which  »  evety  where  de- 
pooHed*  in  fonaequeaee  of  tho  Mcapo  of  eariionie  aoid,  Ukowiao  proceed. 
—There  ie,  FBeUeve,  no  place  in  the  wodd  where  there  ii  a  more  strik* 
tng  example  of  the  opposition  or  oontiaet  of  the  lawa  of  animate  and  In- 
animate natorot  of  the  ibreea  of  inoiganie  chemical  affinity,  and  Ifaoee  of 
ibepowenofllfe."* 

The  same  obeer? er  informs  ns,  that  he  fixed  a  sUck  In  a  mass  of  traver^ 
tin  covered  by  the  water  in  the  month  of  May,  and  in  April  following  he 
had  some  difficulty  in  breaking,  with  a  sharp-pointed  hammer,  the  mass 
which  adhered  to  tlie  blick,  and  which  was  scverai  inches  in  lliickiiess. 
The  upper  part  was  a  mixture  of  light  tufa  and  the  leaves  of  confervae : 
below  this  was  a  darker  and  more  solid  travertin,  contuinuig  black  ami 
decomposed  masses  oi  confervae;  in  the  inferior  part  the  travertin  was 
more  solid,  and  of  a  gray  colour,  but  with  cavities  probably  produced  by 
the  decomposiiiou  of  vegetable  matler.t 

The  stream  which  flows  out  of  this  lake  fills  a  canal  about  nine  feet 
broad  and  four  deep,  and  is  conspicuous  in  the  landscape  by  a  line  of 
vapour  which  rises  from  it.  It  deposits  ealcareons  tofa  in  this  channel, 
aad  the  Tiber  probably  receives  from  it,  as  well  as  from  numerous  other 
susams,  much  carbonate  of  lime  in  solution,  which  may  contribute  to  the 
rapid  growth  of  its  delta.  A  larg|e  proportion  of  the  most  splendid  edifices 
ef  aseient  and  modem  Rome  are  built  of  travertin,  derived  from  the  qoar- 
lisaof  Ponte  Leucano,  where  there  has  evidently  been  a  lake  at  a  remote 
psnodf  on  the  same  plain  as  that  already  deacribed,  Bui  the  considera- 
tlefi  of  theae  would  carry  os  beyond  the  times  of  history,  and  I  shall  con- 
chide  with  one  more  example  of  the  calcareoas  deposits  of  this  neighbour- 
hood,— those  on  the  Anio. 

*  CooMlatioM  in  Travel,  pp.  t  Ibid,  p  127. 
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TVoverllfi  ^  Tloofi^The  witift  of  iIm  Anio  inenisl  tbe  neadi  which 
grow  on  its  bftnktt  tnd  the  fotm  of  iho  eatanet  of  Hvoii  forms  beantifot 

pendant  stalactites ;  bat,  on  the  stdes  of  the  deep  ehMm  into  whieh  the 

cascade  throws  itself,  there  is  seen  an  extraordinary  accumulation  of  hori- 
zontal bede  of  lufa  ami  travertin,  from  four  to  five  hundred  feet  in  thick- 
ness. The  section  immeiliatcly  under  the  temples  of  Vebta  and  the 
SihyU  displays,  \\\  a  precipice  about  four  hundred  feet  high,  some  sphe- 
roids which  are  fioiu  nx  to  eight Jeet  in  diameter^  each  concentric  layer 
beiDLC  about  tlie  eighth  of  an  inch  in  thickness.  The  annexed  diagram 
exliil)its  about  fourteen  fret  of  this  immense  rnas?,  as  seen  in  the  path  cut 
out  of  the  rock  in  descending  from  the  temple  of  Vesla  to  tlie  Grotto  di 
Nettuno.  I  have  not  attempted  to  express  in  this  drawing  tlie  innumera- 
ble thin  layen  of  which  these  magnificent  spheroids  are  composed,  but 
the  lines  gifen  mark  some  of  the  natural  diviaions  into  which  they  are 
•eparalod  by  minnte  variataona  in  the  aiae  or  oolonr  of  the  laminae.  The 
tudttlationa  alao  are  much  amaUert  in  proportion  to  the  whole  oirooflifer- 


Fig.  18. 
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tlwB  in  the  dnwiag .  Tfm  bdb  «  c  m  of  hud  tfMitfai  md  toft 
«lfm ;  btlow  IIm»  ii  ■  pMila  (6).  the  globulfli  htimg of  diAmt  tiiM} 
wndoniMth  this  appean  a  maat  of  ooncroUonary  travertiii  (c  c),  some  of 
the  spheroids  being  of  the  above-mentioned  extraordinary  size.  In  some 
places  (as  at  d)  there  is  a  mam  of  amorphous  liiiu  sione,  or  lufa,  surround- 
ed by  concentrif  la\  rrs.  At  the  bollon^  is  :i|-ioihnr  bed  of  pisoliie  (//;,  in 
"vw  iiHL!]i  ihe  small  nodules  are  about  the  size  and  shape  of  beans,  and  some 
of  them  of  filberts,  intermixed  wwh  some  smaller  oolitic  grains.  In  the 
Uifaceotis  strata,  \\  ood  is  seen  converted  imo  a  iiwlit  tufa. 

The  lollowing  seems  i!ie  most  probable  explanation  of  the  oricjin  of  ilie 
rock  in  tliis  singular  position.  The  Auio  llow^  throuijh  n  deep  irrer^uiar 
fissure  or  gorge  in  the  Apennine  limestone,  whifh  m:\y  iiave  been  caused 
by  earthquakes.  In  this  deep  narrow  channel  iliere  existed  many  ?iiiail 
lakes,  three  of  which  have  been  destroyed  since  the  time  of  history,  by 
the  erosive  action  of  the  tonenty  tlie  laei  o(  them  having  iWMiiied  dowa 
te  ihe  sixth  eentniy  of  our  era. 

We  naj  tnppote  a  similar  lake  of  great  depth  to  heve  existed  at  soM 
XMOIt  period  at  Tivoli,  and  that,  into  this,  the  waters,  chergad  with  en^ 
bpBile  ef  line,  Mi  from  a  height  hiMor  to  that  of  the  ptiieBl  oeicadt* 
Hcfiiif ,  ia  their  passage  thmgh  tho  uppor  lato*  pined  with  tfadr  Mad* 
pshhiet,  and  eoine  ledinient,  they  only  tatradaead  iata  this  lower  pool 
drift-wood,  loam,  and  other  hooyant  ■obetaneea.  Ia  aaaaooa  whan  Ihe 
waiar  waa  low,  a  dapealta  of  ordinary  tnlh,  or  of  tiavartUi,  fanmad  along 
boilBm;  bat  at  ether  tfaaea,  when  the  tormt  waa  awoUao,  tha  pool 
araat  hava  haen  greatly  agitated,  and  eraiy  aaudl  partiele  of  eathoaata  of 
fiaie  whioh  waa  precipitated  moat  hare  baea  whitled  voand  again  and  > 
agam  in  varfoos  eddies,  until  it  acquired  aiany  ooneentiie  coats,  so  as  to 
resemble  oolitic  grains.    If  the  violence  of  the  motion  be  sufficient  to 
ca\]':^e  the  globtile  to  l)e  suspended  fur  a  suffi'-ieiii  leiigili  of  time,  it  would 
grow  to  the  size  ol  a  pea,  or  much  larger.    Sniall  Irai^^ments  of  \  cgctable 
8temJ«  beinjy  incn^sted  on  the  sides  of  the  slreaai,  and  then  \\  a.sl^ed  in, 
would  form  the  niieleus  of  oval  irlobides,  and  others  of  irregular  shnpcs 
would  tie  produced  bv  the  restmii;  of  fra^jments  for  a  time  on  tlie  bolioin 
of  the  basin,  where,  after  acquiring  an  unequal  thickness  of  travertin  oa 
one  side,  they  would  again  be  set  in  mution.    Sometimes  globules,  pro- 
jecting above  the  general  level  of  a  stratum,  would  attract,  by  ehemieal 
affinity,  other  matter  in  the  act  of  precipitation,  and  thus  growing  on  all 
aides,  with  the  exception  of  the  point  of  contact,  might  at  length  form 
apberoids  nearly  perfect  and  many  feet  in  diameter.   Massaa  might  in* 
areaae  above  and  below,  ao  that  a  Vertieal  section  might  afierwarda  pra> 
aeat  the  phaaoaieBon  ao  eommoa  at  Tivoli,  whera  the  aaaleoa  of  some  of 
the  eaooaatrie  eirdaa  haa  the  appaaraaee  of  having  been  aoapended,  with* 
ear  aappart,  ia  tha  water,  aatil  it  bacama  a  apharoiM  maaa  of  giaat  di* 
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flbfiiMltihiit  Ike  dile  of  iIm  giMlar  portiiHi  «f  tfui  mImipoim 
Ibi— tipp  nay  bp  MMrior  to  ilip  eip  of  liiitorfi  for  vp  kapw  iImI  ifapnp 
VIP  •  gtppl  oiwpHp  pi  Tipoli  ia  wj  PiiiiiPill  Iump  i  bfii»  Ia  ihp  upper 
pprtpftfip  iBmviiB,  k  ApviillMilMUpwliftbjr  awhppl,  kvlMithp 

outer  circle  and  the  spokes  liave  Impp  dpoonpoaed,  and  the  spaces  wtncb 

tliey  filled  have  been  left  void.  It  seems  impossible  to  explain  the  posi- 
tion ul  ihiei  aiould,  without  sapposi&g  thai  the  wkeui  waa  imbeiided 
before  ihe  lake  was  drained. 

(  iilcdrcous  sprinsrs  in  the  Caucasus. — Pallas,  in  his  jnuniey  along  the 
CuiicnMtR,  a  cuualry  now  subject,  from  time  to  iime,  to  be  rent  and  fis- 
6ur(  (l  l)v  violent  earlhquakt  s,  enumerates  a  great  many  hot  sj'n  111,^:=;,  winch 
have  (!fpoj.i((n!  monticules  of  travertin  precisely  an7»!oi((n].s  m  composition 
and  structure  to  i}ii)sc  ol  ttie  b;iilis  ul  San  Fillpiio  aiul  oihcr  localities  in 
Italy.  When  speaking  of  ilie  toptius  sione.  as  he  terms  iliesfc  iimcslonesr 
he  often  observes  that  it  is  snow-white^  a  description  which  is  very  appli- 
cable to  the  newer  part  of  the  deposit  at  San  Filtppo,  where  it  baa  not 
become  darkened  by  weathering.  In  many  localities  in  the  re^ioiiP 
bpiween  the  Gaspitn  aad  filpok  Spai*  whpfp  pubieifpnean  convulsions  are 
ftpqppot,  travellers  nMlMNi  palc-sinter  as  an  abttsdaiii  product  of  ibo^ 
ppri^^  Near  the  shores  of  the  Lakp  (JiauP  (pr  llPfpglM*)  for  exaoi- 
p|pi  a  marble  which  is  mpPh  used  ia  pffiwDMDtPl  PIPhitPCtMP  it  npidljr 
dppoiilpd  fay  a  tfaoraui  spring.* 

III!  pipboUe  tfailikp soopkyOe  wiadMllf  MwiwIpmp,  whieli  initiipip 
poipt  ippft  of  Um  Ipdini  sad  Paoifip  Ocpppp,  ptp  popplipd  walk  ppibo* 
BPIP  of  limp  ami  othpr  minpfsl  ingndkuti  bom  •abirinp  ppriagp^  psA 
ikil  tkpir  liPPtt  iP  wall  pp  ibair  ppnkjpadgitPOPPPODlPiiiPt  wtf  prpoMMP 
Ap  dpvelopmont.of  poiak*  vpongpp.  pod  iPPtpppPt  jopl  pp  fpgplplipa  ia 
qaiokpnpd  by  pubUpt  ppppps  fai  Ike  Wkp  of  Ike  fiol&ltia  bdpvp  dppprikadl 
Bptpf  tkppp  vopfoppd  Ikpir  pidbpUp  origin  IpkpU  agaia  kaiP ppqppma l# 
pppak  ia  tbp  ikM  book. 

9it^dmrwu9  and  gyp§mt$  $pringa, — The  quantity  of  other  mineral 
ipgiadipotp  wKwewith  springs  in  general  are  impreguatctl,  is  insignificant 
in  comparison  to  lime,  and  thi^^  carili  l^i  inosi  trequciitly  coiutunc-d  with 
carbonic  aeiJ.  Hut,  a£>  bulphuiic  aciii  huU  .siilpliurelted  hydrogen  are 
very  trequenily  supplied  by  springs,  gypsum  may,  perhaps,  be  deposited 
largely  in  certain  seas  and  lakes.  The  gyp*«eons  precipitates,  however, 
hitherto  know  n  on  the  land,  appear  to  be  nun  lined  to  a  very  few  springs. 
Thoge  at  Baden,  mwr  \  ienna,  which  feed  liie  public  balh,  may  be  cited 
UM  examples.  Souk  ot  Uieae  supply,  siiigly,  from  GOO  to  1000  cubic 
feet  of  water  per  hour,  and  deposit  a  fine  powder,  compopod  of  a  IBUbMUP 
of  splpbaie  of  Umfit  with  sttlphur  aad  muiiaie  oC  ii«M.t 

*  Von  Hfltf;  Oeschiohte,  &c.,  vol.  11.  p.  114. 

t  C.Ptofos^BsMlsurUaiostitatMaPb7siqDs4aBassiadeVteaae,p.  10. 
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Siliceous  springs, — Azores. — In  order  that  water  BhoiiUl  liold  a  very 
large  quantity  of  silica  in  solution,  it  seem:^  uecessarv  that  it  siiould  be 
raised  to  a  high  temperature  and  as  it  may  retain  a  i^rLater  heat  under 
the  pressure  of  the  sea  ilian  in  ilie  auiiospiiere,  subinarine  nprrngs  may, 
perha[i?,  he  morn  charged  vviih  silcx  ilian  anv  to  which  we  have  access. 
The  l)ut  ^prinus  of  ihe  Valle  das  Furnas,  iii  ihe  Llaiid  of  St.  Miohaelv 
risini;  U;rc>uLMi  volcanic  rucks,  precipitate  vast  quantities  of  siliceous  sinter» 

it  is  usually  termed.  Around  the  circular  basm  of  the  largest  springs 
which  is  between  twenty  and  thirty  feet  in  diameter,  altemiio  kyers 
•een  of  a  ooarser  variety  of  sinter  mixed  with  clay,  ioiiiidiBggiini  ferni^ 
and  reeds,  in  different  states  of  pttfifiMtkm*  Wherever  the  water  hm 
flowed,  natOT  k  ibmd  litiiig  in  some  plaoeo  eight  or  m  mdiMi  obow 
iho  ofdnary  level  of  Ihe  •tma.  The  herbago  mA  loatoi,  mofo  or  lost 
loeiimed  with  liltx,  in  foid  to  oihibii  aU  ibo  meemvo  tlopi  of  poii^ 
ftoikm,  ftooi  llio  toft  atelo  to  o  cospleto  eonversioft  into  otrnwi  bat  is 
Mno  loittuMoe,  ofci» itti,  whieh  lo  likewtoe  dapotilod  kam.  the  hot  w«iei% 
it  the  nuMniiilaf  anlMiiL  Jkm^u  of  the  ame  Jbrne  which  ikov 
floariah  in  the  island  are  foond  compiotely  petriiod,  pwaoifing  iho  aomo 
appemco  as  when  vegotatingt  axaapt  that  thty  aoqone  an  ash-gray 
ooloor«  Fr^BBBanta  of  wood,  and  one  antlie  bed  liom  three  lo  flva  Ibel 
k  depih,  oompoaad  of  leada  now  eoaaaaon  in  the  iaiand,  hofo  booomo 
ooaplelely  niaaaalind. 

no  ttoal  abomdaiit  variety  of  allloeone  ainlar  ooeoie  in  l^eis  from  a" 
quarter  to  half  an  ineh  in  thiekness,  aocumalated  on  each  other  often  to 
the  iic  i<rla  of  a  foot  and  upwards,  and  constituting  parallel,  and  for  the 
most  part  hon/.onial,  sirala  many  yards  in  extent.  This  sinter  has  often 
a  beautiful  semi-opalescent  lustre.  One  of  the  varieties  differs  frujii  that 
of  Iceland  aud  Ischia  in  the  larger  piuporuoii  of  water  it  contains,  and  in 
the  absence  of  alumina  and  lime,  A  recent  breccia  is  also  in  the  act  of 
forming*  composed  of  obsidian,  pumice,  and  scoris,  cemented  by  siiicaoue 
oanter.t 

Geysers  of  Iceland. — But  the  liot  springs  in  various  parts  of  Iceland, 
particularly  the  celebrated  geysers,  afford  the  most  remarkable  extimple 
of  the  deposition  of  silex.^  The  circular  reservoirs  into  which  the 
geysers  fall,  are  filled  in  the  middle  with  a  variety  of  opal,  and  round  the 
odges  with  aimer*  The  plants  incrustad  with  the  latter  aobalance  hafv 
Meh  the  eane  eppaafan^  aa  ihoee  inomated  with  ealeaieoue  tofo  in  oov 
own  eomtrya 

In  eeoM  of  tfao  thomal  waAew  of  lealand  a  veeleDlar  foek  ia  Ibrmad, 
inntiini^  pafrtiona  of  Tegalahlae  move  or  leaa  aomplelaly  ailiellied ;  and 

•  Daubeny  on  Volcanos,  p.  !222. 

t  Dr.  Webster  on  ihe  Uol  Springs  of  FurnaA,  Ed.  Phil.  Journ.|  vol.  vi.  p.  30G. 
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amongit  oHmt  praduete  of  fpitegi  in  thui  iafaod,  it  tiun  tdauxtaie  of 
day  aad  nKieat  calied  iripoli. 

By  analytit  of  Iho  walari  Mn  Ftiaday  liaa  aaeerlaiiiad  that  Uw  aolatioo 
of  ihe  aHaz  U  pnNnolod  by  tha  pfiaanco  of  tbo  aliiali,  aoda.  He  sug- 
ge9\9  that  the  depoaitioii  of  silica  in  an  inaolnUo  atate  takaa  place  partly 
because  the  water  when  cooled  by  exposure  to  the  air  is  unable  to  retain 
as  much  silica  as  when  it  issues  from  tlie  earlh  at  a  temperature  of  180* 
or  lUO"  Fahr.;  and  partly  because  the  evapuraiioti  of  ihc  waici  decom- 
poses the  corn  pound  of  Silica  and  suda  which  previously  existed.  'I  biS 
last  (  liange  is  probably  hastened  by  the  (carbonic  acid  of  the  aluiosphere 
uniiiiig  with  the  soda.  The  alkali,  when  disunited  from  the  siUcSt 
wouKl  readily  be  dissolved  in  and  reujoved  by  running  water.* 

Jsrhin. — It  has  bt  eii  found,  hy  recent  analysis,  that  several  of  ihe  ther- 
mal waters  of  Ischia  are  impregnated  with  a  certain  proportion  of  silica. 
Some  of  the  hot  vapours  of  that  island  are  above  the  temperature  of  boil-  * 
ing  water ;  and  many  fissures,  near  Monte  Vico,  through  which  the  hot 
steam  paaaea,  are  coated  with  a  siliceooi  iacraatatioa,  firat  tuMaeed  by  Dr* 
Thompson  under  the  name  of  fiorite. 

JShHh  ^'Ca^It  has  been  often  stated  that  the  Danube  has  converted  the 
external  part  of  ihe  pilea  of  Trajan's  bridge  into  silez ;  the  Irawadi«  ia 
Ava,  haa  been  anppoaed,  ever  ainee  tiie  tine  of  tbe  J^uit  Padio  Docliaii, 
to  have  the  aame  petrifying  power,  aa  alao  Loogfa  Neagb,  in  Ireland. 
Modem  reaearchea,  howefer*  in  the  BitrmaA  eopire,  have  thrown  doobt 
npon  the  lapidifying  property  of  the  Ava  river  9t  there  ia  eectamlyno 
firandation  for  the  aloiy  in  regard  to  Lough  Neagh«  and  probably  none  in 
regard  to  the  Dannbe* 

Mineni  waterat  oven  when  eharged  with  a  email  proportion  of  eUica^ 
aa  thoae  of  leehia,  may  supply  eertain  apeeiea  of  oofda  and  apongee  with 
natter  for  their  ailioeooe  aecvetione;  bol  when  in  a  voleenle  arefaipelago, 
or  a  region  of  anbmarioe  vokanoe,  there  are  springs  ao  aatotaied  with 
elUea  aa  thoae  of  leeland  or  the  Azores,  we  may  expect  layers  and  nodules 
of  ailex  and  chert  to  be  spread  out  far  and  wide  over  the  bed  of  the  sea, 
and  interstratified  with  shelly  and  calcareous  deposits,  which  may  be  form- 
ing there,  oi  u  iiii  riiaucr  derived  from  vvai>uug  cliffs  or  volcanic  ejections. 

Ferruginous  a/jrittgs. — The  waters  of  almost  all  springs  coniaui  suiue 
iron  in  solution  ;  and  it  is  a  fact  familiar  to  all,  that  many  of  them  are  so 
copiously  impregnated  with  this  metal,  as  to  shun  the  rocks  or  herbage 
through  which  they  pass,  and  to  bind  loi^iiher  sand  and  gravel  into  solid 
masses.  We  may  naturally,  then,  conclude  that  this  iron,  which  is  con- 
stantly conveyed  from  the  interior  of  the  eartli  into  lakes  and  seas,  and 
which  does  not  escape  again  from  them  into  the  atmosphere  by  evapopa- 
tioQt  must  act  at  a  colouring  and  cenenting  prioeiple  in  the  subaqueous 

*  Barrow's  lealaad,  p.  209. 

t  Ilr.Baak]aBd»GeoLTn.9dnriei,  vattt.paniiLp.M. 
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dvpouts  now  in  progiM.  Il  will  to  aAiiwwrdi  MM  Ihat  mnf  iu4* 
•tmiet  wad  oltor  voeto  in  Iht  fodinMiilaiy  aliala  of  aoeieiit  latot  and  mm 
aro  boaad  togetlMr  or  Miomd  by  and  this  lact  pnMali  w  viik  a 
«tnki«f  point  of  analogy  totwotn  the  alata  of  ihugi  at  Miy  difionat 
•pooto.  In  thoM  oldar  faMaiioni  wo  matt  with  jMat  atondMce  of  m^ 
iMNialo  and  ralphnrat  of  irani  and  in  ehalybMla  walMi,  at  pvaMoti  tfaia 
mMal  ia  moat  fioinandjr  in  lha  alata  of  a  oarbonaloi  m  in  thoM  of  Ton- 
bridge,  for  onmplo.  Stttpbaiio  aaid,  howavar,  ia  often  Aa  aolveut, 
whioh  ia  in  many  caaM  darivad  firom  tba  decomposition  of  pyrites. 

JSfiM  aprt7i^#<— >C9UtAtfe.*->So  great  is  the  quantity  of  muriate  of  soda 
in  some  springs,  that  they  yield  one-fourth  of  iheir  weight  in  salt.  They 
are  rarely,  however,  so  saturated,  and  generally  coiu;li:i,  iiiiermixed  with 
salt,  carbonate  and  sulj)liatf  of  lime,  magnesia,  and  oiher  niinrra!  ingre- 
liieuts.  The  brine  sprin^^s  of  Cheshire  are  tJio  richest  in  our  rouiilry} 
those  of  Barton  and  NorUiwich  lu  ino-  almost  aiul  those  of  Droitwii  h  fully 
saturated.*  They  are  known  to  have  liowed  for  more  than  UlOO  years, 
and  the  quantity  of  salt  which  ihey  liave  carried  ii^to  ihu  Severn  and  Mer- 
sey must  be  enormous.  These  briae  spriogs  rUe  up  through  strata  of 
sandstone  and  red  mari,  which  contain  large  beds  of  rock  salt.  Tto  origin 
of  the  brine,  therefore,  may  to  darived  in  this  and  amny  other  instances 
firom  beda  af  itoaii  aait ;  but  as  muriate  of  soda  is  one  of  the  produata  of 
▼olcanic  emanations  and  of  springs  in  volaanioMgiana^  Itoorigioal  aooMO 
of  aalt  may  be  as  deop  aaalad  as  that  of  lava. 

Dmd  ten— Tho  waiaia  of  tto  Boad  8m  aontain  icaMoly  any  tfiii^ 
osoapt  muriatio  aalta,  whieb  knda  oonnlananeat  obaariM  Dr«  Dnahanyv 
to  tto  vokaaio  oiifin  of  tto  annonndiag  oo— try,  thoM  aalla  haing  lto» 
tPMt  pMdneta  of  volaanio  ampliona.  Many  aptiaga  hi  Siaily  oonlaiB 
mnriala  of  aada,  and  Ito  **iama  adaoi"  in  partianlart  ia  impregnalad  wilik 
ap  kifa  a  qnanlily 9  Itol  oaitfa  loAwa  to  drink  of  iL 

^8»mergit§4  A  tot  spring,  rising  through  granilB«  at  Saint  NoataiMt  in 
AoforgDe,  oMiy  to  mentionod  M  ono  of  many,  aantainipf  a  laifa  propo^ 
tiott  of  muriate  of  soda,  together  with  magnesia  and  other  ingredianli.t 

Cktrbonated  Springs. — Auvergne. — Carbonic  acid  gas  is  very  plenti- 
fully disengaged  fruui  spring's  in  almost  all  countries,  but  particularly 
near  active  or  extinct  volcanos.  This  elastic  fluid  has  the  properly  of 
decompoiiiiig  many  of  the  iiardest  rocks  with  which  it  comes  in  coniact, 
particularly  that  nuraeroos  class  in  whose  composition  felspar  is  an  itigre- 
diCQt.  It  renders  the  oxide  of  iron  solubh>  in  water,  and  contributes,  as 
was  before  stated,  to  the  solution  of  calcareous  nKUier.  In  volcanic  dis- 
tricts these  gnseous  emanations  are  not  confined  to  springs,  but  rise  up  in 
the  state  of  pure  gas  from  the  sod  in  various  places.  The  Groiio  <]cl 
Cana»  naar  Napka*  aflbida  an  examplaf  and  prodigious  quantities  are  now 

*  L.  Horner,  Geol.  Trans,  vol.  ii.  p.  M. 
t  AaaatotfarA«TergiM»,loml.p.984. 
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gnoaafly  dnengifad  from  oreiy  pari  of  the  Limagne  d'Anvergno^  wbere 
H  appean  10  bavo  been  developed  in  eqoal  quantity  from  time  ioMDemoriaL 
Ai  the  aeid  ia  taviaible,  it  ia  ii«t  dheervedf  eie^t  an  eizeavattoa  be 
madei  wherein  it  immediately  acoomulateat  ao  that  it  will  eztiogoiah  a 
candle*  Theie  afo  eome  apringa  in  tfaia  diatvlet«  where  the  water  la  eeoA 
bobblinff  and  boHing  up  with  mneh  noiaet  in  eonaequenee  of  the  aboDdant 
dieengagement  of  Ibia  gaa.  The  whole  yegetatiott  la  afieeied,  and  wmmf 
treee,  aueh  aa  the  walnot*  flooriah  mora  Inznriantly  than  they  woold 
otherwiae  do  in  the  aame  aoil  and  diaato— the  leaTes  probably  abeorfaing 
eaibonie  add.  Thia  gaa  la  tend  in  apringa  riaing  thioogh  the  granite 
near  Clermont,  at  well  aa  in  the  tertiary  limeatonea  of  the  Limagne.*  In 
the  environs  of  Pont-Gibaud,  not  far  from  Clermont,  a  rock  belonging  to 
the  gneiss  formation,  in  wliich  lead-mines  are  worked,  has  been  found  to 
be  quite  saiDraicil  with  carbonic  acid  gas,  which  is  constanily  di^enjjaged. 
The  carboiiaies  of  iron,  lime,  and  manganese  are  so  dissolved,  iliut  the 
rock  is  rendered  soft,  and  the  quartz  alone  remains  unattacked.t  Not  far 
off  is  the  smaii  vulcanic  cone  of  Chaluzet,  which  once  broke  up  through 
the  ij^iieiss,  and  sent  forth  a  lava-stream. 

jbisinteg;ra!io)i  qJ  granite. — The  disintegration  of  grranite  is  a  sirikin*? 
feature  of  large  (Jistrirt,«  in  Auvergne,  especinllv  \]\  i)ie  neighbourl:.o<)cl  ot 
Clermont,  'i'his  decay  was  called  by  Dolomieu,  la  roaladie  du  granite  r* 
and  the  rock  may  with  propriety  be  said  to  have  th€  rot,  for  it  crumbles 
to  pieces  in  the  hand.  The  phenomenon  may,  without  doubt,  be  aaeribad 
to  the '  eontinnal  diaengageawnt  of  carbonie  aoid  gaa  from  Bumerona 
fissures. 

In  the  plaine  of  the  Po,  between  Verona  and  Parma,  eapeeiallj  ai  Vilte 
jPVaooa«  aoQth  of  Mmntna,  I  obeerved  great  bade  of  aUnfinmi  eonaieti^g 
ehiefly  of  primary  pebUea,  pareolated  by  apring  water*  ehaigad  with  tur^ 
'bonate  of  lime  and  carbonie  aeid  in  great  abondanee.  They  nva  Ibr  the 
moat  part  incmated  with  eeh>«inter:  and  the  ronndad  bloeha  of  gneiea» 
which  have  alt  the  oatward  appearance  of  aolidlty,  have  beaa  ao  diain- 
tegrated  by  the  carbonie  add  ee  readily  to  fall  to  pieeee. 

The  anbtraetion  of  many  of  the  demeala  of  voeha  by  the  aolveat  power 
of  carbonie  acid,  ascending  both  in  a  gaeeona  atate  and  mixed  with  spring 
water  In  the  crevicea  of  rocka,  most  be  one  of  the  most  powerful  sources 
of  those  internal  changes  and  re-arrangements  of  particles  so  ofu n  ob- 
served in  strata  uf  every  age.  i  he  calcareoua  matter,  for  exuiipie,  of 
shells  is  often  entirely  removed  and  replaced  by  carbonate  of  imn,  pvriies, 
silex,  or  some  other  ingredient,  such  as  mineral  waters  usually  cont  iiu  m 
solution,  li  rarely  hapix  ns,  except  in  limestone  rocks,  llmi  the  carbonic 
acid  can  dissolve  all  Hie  consltiucni  parts  uf  the  mass;  and  fur  this  reasoa, 

*  Le  Coq,  Aaaalcs  de  rAavefgns^  Imbs  i.  p.  217.  Mij,  189B. 
f  Abb.  Bdaat.  da  1* AcTargas,  tame  y.  Jvae,  im 
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probably,  calcareous  rocks  are  almost  the  only  ones  io  which  j^reat carenu 
and  long  winding'  passages  are  found. 

Pefrokum  springs — Springs  impregnated  with  petroleuoit  «nd  the 
various  minerals  allied  to  it,  aa  bituaiiaii»  naphtha,  asphaltimit  ttid  pitch, 
aie  veiy  numeroiis,  and  are,  ia  many  caaea,  vadoubtedly  connaeted  with 
sobteiraoean  Srea»  which  raise  or  sublime  the  more  subtle  parta  of  the 
bituminous  mntten  contained  in  rocka.  Many  epringa  in  the  leriitaiy  of 
Modenn  and  Panne,  in  Italy,  prodnee  petroleum  in  abundance  {  bni  the 
most  powerful,  periiape,  yet  known,  are  Ihoae  on  the  Irawadi,  in  the 
Bnrman  empire^  In  one  locality  there  are  eald  to  be  580  welb,  which 
yield  annually  400,000  hogaheada  of  petroleam** 

Fluid  bitamen  ia  ieen  to  ooxe  from  the  bottom  of  the  aea,  on  both  eidee 
of  the  Inland  of  Trinidad,  and  to  riae  np  to  the  auifaee  of  the  water.  Near 
Gape  La  Braye  there  ii  a  vortez  which,  in  atormy  weather,  according  to 
Cipiain  Bfallet,  guahee  out,  raising  the  water  five  or  aix  feet,  and  covers 
ihe  aarfaee  for  a  considerable  space  with  petroleum,  or  tar ;  and  the  same 
aodior  quotes  Gumilla,  as  stating  in  his  Description  of  the  Orinoco,*' 
that  about  seventy  years  ago,  a  spot  of  land  on  the  we»ierii  coasl  ul"  f'rini- 
dad,  near  half-way  between  tiie  capital  aiul  an  Indian  village,  sank  sud- 
denly, and  was  immediately  replaced  by  a  small  lake  of  pitch,  to  the 
greal  terror  of  the  inbabilaiiLa.t 

Pifch  Lake  of  Trinidad. — It  is  probable  that  the  great  pitch  lake  of 
Tnuidad  owes  lis  origin  to  a  similar  cause  ;  and  Dr.  fS  ugeiu  has  justly 
remarked,  ihnt  in  that  district  all  the  circumstances  are  now  combined 
from  which  deposits  of  pilch  may  have  originated.  The  Orinoco  has  for 
ages  beco  roliiog  down  great  quantities  of  woody  and  v^table  bodiea 
ielo  the  eorrounding  sea,  where,  by  the  influence  of  cnirenta  and  eddiea, 
they  may  be  arrested  and  accumulated  in  particular  places.  The  frequent 
oecorrence  of  earthquakea  and  other  indications  of  volcanic  action  in  thoae 
parte  lend  countenanoe  to  the  opinion,  that  theee  vegetable  aubelancea 
nay  have  nndeigone,  by  the  agency  of  aubtorranean  fire,  thoae  truiafor* 
■atione  and  chemical  chengee  which  produce  petroleum,  and  thia  may, 
by  the  aane  cauaea,  be  forced  up  lo  the  lurface,  where,  by  ezpoaoro  to 
the  air,  it  becomea  inapiaaated,  and  forma  the  difierent  varitiea  of  pure 
■id  earthy  pitcli,  or  asphaltum,  ao  abundant  in  the  ialand.  t 

The  bituminona  ahadea,  ao  common  in  geological  formationa  of  differ- 
ent ages,  as  also  many  stratified  deposits  of  bitumen  and  pitch,  seem 
clearly  to  attest  that,  at  former  periods,  springs,  in  various  parts  of  the 
world,  were  as  commonly  impregnated  as  now  with  btuunmous  mailer, 
earned  down,  probably,  by  rivers  into  lakes  atid  seas.  It  will,  indeed, 
be  easy  to  show,  that  a  large  portion  of  the  finer  panicles  and  the  more 

*  Syaiea,  Embsssy  to  Ava,  vol.  ii^Gaol.  Traaa.,  Kcond  series,  vol.  ii.  part  iu. 
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t  Dr.  Nafsnt,  Oep|.  Tiaas.  Vol.  i.  p.  00.  I  Ibid.  p.  07. 
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eryvtalline  sntntances,  found  in  gedimentarv  rockw  of  diflercni  rigeb,  are 
coiiipustd  oi  tlio  H^rne  t;lejiienUi  as  are  now  hold  in  soluuon  by  ."prints, 
while  the  coaj-£»&r  materials  bear  an  equally  stron^^  rcsembiaacQ  (o  Uie 
aUuvial  oMUfir  in  Uw  beds  of  ezi»Ui^  torrcsla  aad  riv«». 


CHAPTER  lY. 

REFRODUCTITE  EFFECTS  OF  BDMNUiO  WATSB. 

fit-productive  effects  of  ruJining  water — Division  of  Dfltns  into  lacustnae,  luediler' 
ranean,  aud  oceanic — Lake  deltu — Growth  of  the  delta  ol  the  Upf»er  Rhone  in 
the  Xfike  of  Oengts  Cliionoiagiflsloom|wil>MdBssf  flien^W  iOim  IUumI 
4epcMitifA  listn  fTnpfffinr  (p  Tiff)  rrmltii  nf  tnlsai  mm  llniii  riwHiiwh^  if 
lbs  Biltie-*Mtrine  delu  of  the  Rhone  (p.  817.)— YsrioM  pnasft  sf  ils  iiww 
Stony  nature  of  it«  deposits — Delta  of  the  Fo,  Adi^,  iaonio,  and  other  rif«n 
entering  the  Adriatic — Rapid  conversion  of  that  gulf  into  land— Mineral  charac- 
tera  of  the  new  depn<«it<4 — Delta  of  the  Nile  (p.  2^)— Iti  incremg  liiioe  the  tilM 
of  Homer — Its  growth  whj  checked  at  present. 

Having  considered  the  destroying  and  transporting  agency  of  running 
Water,  we  have  now  to  examine  the  reproductive  eflTccts  of  ihe  .^ame 
cause.  The  aggregate  amount  of  deposits  acrumnlated  in  a  giveti  lime 
at  tfie  moullis  of  river?,  where  tliry  enter  a  lake  or  sea,  allbrds  clearer 
data  for  estimating  the  energy  of  the  excavating  power  of  running  water 
on  the  land,  than  the  separate  study  of  the  operationa  of  the  same  cause 
in  the  countless  ramifications  into  which  every  great  system  of  valleys  is 
divided.  I  shall  therefore  proceed  lo  select  some  of  the  leading  facts  at 
prMent  ateertained  respeotiag  the  growtb  of  deltas,  and  shall  then  offer 
■oflM  genenl  olMtrvations  on  the  quantity  of  sedioMBt  tnmsported  by 
rivent  and  the  mumu  of  m  distribotioii  branth  tha  wmmrn  of  kkm  mk 

«MS. 

Mia»  majr  be  divided  IbUh  fintt  iImw  wUeh  ue  Ibrii  im  kkMi 
■eeoodtjr,  tboie  In  inland  seas ;  aad  iluidljr*  tlioaa  on  dia  borden  of  Iba 
Tba  met  cbanetariacie  datinctioa  beiweaR  Ibe  leawlriee  tad 
marine  daltaa  eenaisia  in  tbe  netnie  of  tbe  oisanln  lemaina  vbieb  beooow 
inbedded  in  their  depoeita ;  for.  In  the  ease  of  a  lake,  it  ti  ebvknts  that 
fheae  mutt  eonsiat  ezdaaively  of  aach  genera  of  antnala  as  Inhabit  tba 
landorthewataiaofsiiverorlake:  wbfliew»  in  tbe  other  caae»  there  will 
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be  an  admixture,  and  most  frequently  a  predominance  of  animals  which 
inhabit  salt  water.  In  regard,  however,  to  the  distribution  of  inorganic 
matter,  the  deposits  of  lakes  and  inland  seas  are  formed  under  very  analo- 
gous circumstances,  and  may  be  distinguished  from  those  on  the  shores 
of  the  great  ocean,  where  the  tides  co-operating  with  currents  give  rise  to 
another  class  of  phenomena.  In  lakes  and  inland  seas,  even  of  the  largest 
dimensions,  the  tides  are  almost  insensible,  but  the  currents,  aa  will 
afterwards  appear,  sometimes  run  with  considerable 

DELTAS  IN  LAKES. 

JLMkt  of  Geneva. — ^It  is  natural  to  begin  our  examination  with  an 
inquiry  into  the  new  deposits  in  lakes,  as  they  exemplify  the  first  repro- 
ductive operations  in  which  rivers  are  engaged  when  they  convey  the 
detritus  of  rocks  and  the  ingredients  of  mineral  springs  from  mountainous 
regions.    The  accession  of  new  land  at  the  mouth  of  the  Rhone,  at  the  • 
upper  end  of  the  Lake  of  Geneva,  or  the  Leman  Lake,  presents  us  with 
an  example  of  a  considerable  thickness  of  strata  which  have  accumulated 
since  the  historical  era.    This  sheet  of  water  is  about  thirty-seven  miles 
long,  and  its  breadth  is  from  two  to  eight  miles.    The  shape  of  the  bot- 
tom is  very  irregular,  the  depth  having  been  found,  by  late  measurements, 
to  vary  from  20  to  160  fathoms.*    The  Khone,  where  it  enters  at  the 
upper  end,  is  turbid  and  discoloured ;  but  its  waters,  where  it  issues  at 
the  town  of  Geneva,  are  beautifully  clear  and  transparent.    An  ancient 
town,  called  Port  Vellais,  (Portus  Yalesis  of  the  Romans,)  once  situated 
at  the  water's  edge,  at  the  upper  end,  is  now  more  than  a  mile  and  a  half 
inland — this  intervening  alluvial  tract  having  been  acquired  in  about  eight 
centuries.    The  remainder  of  the  delta  consists  of  a  flat  alluvial  plain, 
about  five  or  six  miles  in  length,  composed  of  sand  and  mud,  a  little  raised 
above  the  level  of  the  river,  and  full  of  marshes. 

Mr.  De  la  Beche  found,  after  numerous  soundings  in  all  parts  of  the 
lake,  that  there  was  a  pretty  uniform  depth  of  from  120  to  160  fathoms 
throughout  the  central  region,  and,  on  approaching  the  delta,  the  shallow- 
ing of  the  bottom  began  to  be  very  sensible  at  a  distance  of  about  a  mile 
and  three-quarters  from  the  mouth  of  the  Rhone  ;  for  a  line  drawn  from 
St.  Gingoulph  to  Vevey,  gives  a  mean  depth  of  somewhat  less  than 
600  feet,  and  from  that  part  to  the  Rhone,  the  fiuviatile  mud  is  always 
found  along  the  bottom.t  We  may  state,  therefore,  that  the  new  strata 
annually  produced  are  thrown  down  upon  a  slope  about  two  miles  in 
length :  so  that,  nothwithstanding  the  great  depth  of  the  lake,  the  new 
deposits  are  not  inclined  at  a  high  angle ;  the  dip  of  the  beds,  indeed,  is 

•  De  la  Beche,  Ed.  Phil.  Joum.  vol.  ii.  p.  107.  Jan.  1820. 
t  De  la  Beche,  MS. 
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60  slight,  that  they  would  be  termed,  in  ordinary  geological  language, 
horizontal. 

The  strata  probably  consist  of  alternations  of  finer  and  coarser  particles; 
for,  during  the  hotter  months  from  April  to  August,  when  the  snows 
melt,  the  volume  and  velocity  of  the  river  are  greatest,  and  large  quanti- 
ties of  sand,  mud,  vegetable  matter,  and  drift-wood  are  introduced ;  but, 
during  the  rest  of  the  year,  the  influx  is  comparatively  feeble,  so  much 
80,  that  the  whole  lake,  according  to  Saussure,  stands  six  feet  lower.  If, 
then,  we  could  obtain  a  section  of  the  accumulation  formed  in  the  last 
eight  centuries,  we  should  see  a  great  series  of  strata,  probably  from  GOO 
to  900  feet  thick,  (the  supposed  original  depth  of  the  head  of  the  lake,)  and 
nearly  two  miles  in  length,  inclined  at  a  very  slight  angle.  In  the  mean 
time,  a  great  number  of  smaller  deltas  are  growing  around  the  borders  of 
the  lake,  at  the  mouths  of  rapid  torrents,  which  pour  in  large  masses  of 
sand  and  pebbles.  The  body  of  water  in  these  torrents  is  too  small  to 
enable  them  to  spread  out  the  transported  matter  over  so  extensive  an 
area  as  the  Rhone  does.  Thus,  for  example,  there  is  a  depth  of  eighty 
fathoms  within  half  a  mile  of  the  shore,  immediately  opposite  the  great 
torrent  which  enters  cast  of  Ripaille,  so  that  the  dip  of  the  strata  in  that 
minor  delta  must  be  about  four  times  as  great  as  those  deposited  by  the 
main  river  at  the  upper  extremity  of  the  lake.* 

Chronological  computations  of  the  age  of  deltas. — The  capacity  of  this 
basin  being  now  ascertained,  it  would  be  an  interesting  subject  of  inquiry 
to  determine  in  what  number  of  years  the  Leman  Lake  will  be  converted 
into  dry  land.  It  would  not  be  very  difficult  to  obtain  the  elements  for 
such  a  calculation,  so  as  to  approximate  at  least  to  the  quantity  of  time 
required  for  the  accomplishment  of  the  result.  The  number  of  cubic  feet 
of  water  annually  discharged  by  the  river  into  the  lake  being  estimated, 
experiments  might  be  made  in  the  winter  and  summer  months,  to  deter- 
mine the  proportion  of  matter  held  in  suspension  or  in  chemical  solution 
by  the  Rhone.  It  would  be  also  necessary  to  allow  for  the  heavier  mat- 
ter drifted  along  at  the  bottom,  which  might  be  estimated  on  hydrosta- 
tical  principles,  when  the  average  size  of  the  gravel  and  the  volume  and 
velocity  of  the  stream  at  different  seasons  were  known.  Supposing  all 
these  observations  to  have  been  made,  it  would  be  more  easy  to  calculate 
the  future  than  the  former  progress  of  the  delta,  because  it  would  be  a 
laborious  task  to  ascertain,  with  any  degree  of  precision,  the  original 
depth  and  extent  of  that  part  of  the  lake  which  is  already  filled  up.  Even 
if  this  information  were  actually  obtained  by  borings,  it  would  only  enable 
us  to  approximate  within  a  certain  number  of  centuries  to  the  time  when 
the  Rhone  began  to  form  its  present  delta;  but  this  would  not  give  us  the 
date  of  the  origin  of  the  Leman  Lake  in  its  present  form,  because  the 

*  De  la  Beche,  MS. 
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rim  my  hate  flowed  inio  it  for  diooaande  of  yoaiv,  wtlhoiit  importing  y 
mnj  sodiment  whetofor.  Soeh  would  have  been  the  eaae»  if  the  waten 
had  fliat  pasaed  ihiovgh  a  ehain  of  upper  lakei ;  and  that  thb  waa  aclnally 
the  faet,  la  indieated  by  ibe  eooiae  of  the  Rhone  between  Martigny  and 
tho  Lake  of  GeneTa,  and,  alill  more  decidedly,  by  the  obannela  of  many 
of  ila  principal  feeders. 

If  we  ascend,  for  example,  the  valley  through  which  the  Drantie  ilows, 
we  find  that  it  consists  of  a  succession  of  basins,  one  above  llie  other,  in 
each  of  which  there  is  a  wide  expanse  of  flat  alluvial  lands,  separated 
from  liie  next  basin  by  a  rocky  gorge,  once  evidently  the  barrier  of  a 
lake.  The  river  has  filled  ihe^e  lakes,  one  after  the  oilier,  and  lias  par- 
timily  cut  ihroutrli  the  barriers,  which  il  I8  still  gradually  ernding  lo  a 
greater  depth.  The  cxaminaiion  of  almost  all  valleys  iu  mountainous 
districts  aifords  similar  proofs  of  the  obliteration  of  the  series  of  lakes,  by 
the  filling  up  of  hoilowa  and  the  cutting  through  of  rocky  barriera-^ 
process  by  which  running  water  ever  labours  to  produce  a  more  nniform 
deelifity.  fiefore,  therefore,  we  can  pretend  even  to  hazard  a  conjectnre 
an  to  the  era  at  which  any  particolar  delta  commenced,  we  must  be  tho- 
looghly  aeqnainied  with  tlie  geographical  featnrea  and  geologicil  hia« 
lory  of  the  whole  ayatem  of  higher  Talleya  which  commnnicate  with  the 
naaio  atveam,  and  all  the  ehangea  wtiich  they  have  undergone  aince  the 
laft  eeijea^oi  convuUifipa  which  agitated  and  ailered  the  face  of  the 
coontry. 

The  pfobability,  therefore,  of  error  in  onr  chronological  eompntationa 
where  we  omit  to  pay  due  attention  to  theee  circumataneea,  increacea  in 

proportion  to  the  time  that  may  have  elapsed  aince  the  last  disturbance  of 

the  country  by  subterranean  movements,  and  in  proportion  to  the  extent 
of  the  hydrographical  basm  on  which  we  may  happen  to  speculate. 
The  Alpine  rivers  of  Vallaia  are  pievenlcd  at  prrscui  Jrom  Coiunhuting 
their  sedimentary  contuigr  iii  lo  the  lower  delia  oi  the  Klione  in  the  Medi- 
terranean, because  they  are  intercepted  by  the  Leman  Lake;  bul  when 
this  \s  filled,  ihey  will  transport  as  much,  or  nearly  as  much,  matter  to 
llie  sea,  as  liiey  now  pour  into  that  lake.  They  will  ilien  How  through 
a  long,  flat,  alluvial  plain,  between  Villeneuve  and  Geneva,  from  two 
to  eight  miles  in  breadth,  which  will  present  no  superficial  marks  of 
the  existence  of  a  thickness  of  more  than  1000  feet  of  recent  sediment 
below.  Many  hundred  alluvial  tracts  of  equal,  and  some  of  much 
greater  area,  may  be  aeen  if  we  follow  up  the  Rhone  from  its  termination 
in  the  Mediterranean,  or  explore  the  valleys  of  many  of  ila  principal  tri- 
butaries. - 

What,  then,  ahaU  we  think  of  the  presumption  of  De  Luc,  Kirwan, 
and  their  foliowera,  who  coiilidently  dedoced  from  the  phenomena  of 
modem  deltaa  the  recent  origin  of  tlie  preaent  form  of  our  eontinenta,  I 
without  pretending  to  have  collected  any  one  of  the  numerous  data  by 
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vliHiiito€M|llBil»dttpioblMiMMfDh«dt  Had  Unjr,  illar  Mkim 
dl  Ibt  itceiiMy  iawilifiliOMy  ioooaiied  ui  piofliig*  •■  Iksj  d«ind» 
Alt  d»  towwr  ddti  of  the  Vbm^  ^  tfce  »w  ityttUi  »t  Ito  nlfci  <C 
wfieral  odNT  rivsri*  whtllwr  in  Ute  «r  Mi*  had  laqurad  afaaal 
4000  fwn  to  sitaia  their  pneaat  dininrtaaei  ifaa  ^omdamm  woald 
have  heeii  fatal  lo  the  ehroadofieal  ifaeoriea  whkh  thaj  wan  aaxiava  la 
aaaOnn* 

Xofte  %;erfar.*— Lifca  Superior  ia  lha  lM|aat  hadf  af  ftaah  vafar  la 

the  world,  being  abovt  1500  geogmpbieil  nrike  ta  efaewafiMeam  whaa 

wc  follow  the  sinuosities  of  its  coasts,  and  its  length,  on  a  canred  line 
drawn  tlirough  its  centre,  being  nbout  360,  and  its  extreme  breadth  140 
geographical  niilos.  Its  average  dejUh  varies  Iroin  80  to  150  fal horns  ; 
but,  according  to  Captain  Bavlield,  there  is  reason  lo  Uunk  ttiai  its 
greatest  depth  would  not  be  overraipd  at  200  fathoms,*  so  that  its  Uoiioiii 
is,  in  some  pans,  nearly  600  feet  below  ilic  level  of  Uie  Atlantic,  its  .sur- 
face about  as  much  above  it.  'I'licro  are  appearaiues  in  different  parts 
of  tbi*?,  of  tlic  oifipr  Cnnadinn  Inkes,  leading  us  to  infer  thai  its  waters 
formerly  occupied  a  ruuch  [liiilmr  luvel  than  they  reach  at  present;  for  at 
a  considemble  distauce  from  the  present  shores,  parallel  lines  of  rolled 
stones  and  shells  are  aeeo  rising  one  above  the  other,  like  the  seats  of  an 
aaipbtlheatre.  These  aoeieaC  lines  of  shingle  aia  azaetly  sioukrio  the 
proeeot  baaebes  ia  aMtt  baye,  and  they  oftM  attain  aa  aloTaAioa  of  ioHf 
or  fifty  feet  above  the  present  level. 

Aa  llie  heaviest  gales  of  wind  do  not  raise  the  walaiB  «ore  thaa  ihiaa 
or  foar  fbat.t  the  alavated  baaehaa  onaM  ailhar  ha  lafaiaad  la  tha  a«ha»* 
danaa  of  tha  laha  at  fimar  pariodn*  ia  aoaaafaaaea  al  iha  vaaiiiy  dowa 
of  itt  harrlart  orlo  lha  apiaisiac  of  lha  ahoraa  hf  aatthqaahat,  liha  iboaa 
which  Jiavo  pndooad  aiiailar  phaaoaioBa  oa  lha  eoaal  of  Chili.  Tha 
atiaaaia  wUah  ditobaiga  Hiair  waiaia  hMo  Ldw  Sapaiior  aia  aatanl 
hflodied  ia  aaarftort  wiihoot  lodBaaiag  thaaa  of  aawllar  aiaa;  aad  lha 
qoaalily  of  water  aappUed  by  thaia  ia  vaajr  liaMO  frealar  lhaa  lhal  di^ 
ehaigad  at  lha  Nla  of  St.  Miuft  lha  only  oadel.  Tha  avapoioliaa, 
tharalbra*  n  rery  great,  aad  aneh  aa  might  ha  aapaaUd  6obi  ao  vaat  aa 
aslant  of  sarfooa.' 

On  the  northern  side,  which  is  encircled  by  primary  mountains,  the 
rivers  sweep  in  many  large  boulders,  with  smaller  gravel  and  sand,  chiefly 
composed  of  granitic  and  trap  rocks.  There  are  also  currents  in  the  lake,  in 
various  directions,  caosed  by  the  continued  prevalence  of  strong  winds, 

*  Traoa.  of  Lit.  and  Ilist.  Hoc.  of  (Quebec,  vol.  i.  p.  5.  1329. 

1  OaplBtB  Bi^deld  Monks,  that  Dr.  Bigsby,  to  whom  w«  an  iadsMed  Ibr  ssfwal 
eoannmiioations  wspsctinf  tho  geologj  of  the  Oanadian  lakes,  was  adsbiAnBed  kf 
tko  Itar  traderi  in  regard  to  the  txtnwirdinary  height  (twenty  or  thirty  feet)  to  irilieh 
he  ssserls  that  the  autumnal  gales  will  raise  the  watsirof  iiske  8ipefier.^T^aos»  sf 
'  LitBodHlst.8oe.orQaebec,voLt.p.7.  ItfiO. 
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aod  to  tlieir  ipiiieiie^  we  mnj  attribiUe  the  diffuiiop  oC  finer  mud  far  and 
wide  over  gre&i  areas  ;  for,  by  namerous  soundings  made  during  the  late 

snirey,  it  was  ascertained  that  the  bottom  consists  generally  pf  a  Teiy 
adhesive  clay,  conlaining  shells  of  the  species  at  present  existing  in  the 
lake.  When  exposed  lu  ihe  air,  this  clay  immeduiely  becomes  intiurated 
in  so  threat  a  degree,  as  to  require  a  smart  blow  to  break  it.  It  effer- 
vesces siigiuly  with  diluted  nitric  acid,  and  is  of  dilTerent  colours  in  dif- 
ferent parts  of  the  lake  ;  in  one  dislricl  blue,  in  another  red,  ami  in  a  ♦ 
third  \vhjte»  hardening  into  a  substance  resembling  pipe-clay.*  Fron^ 
these  statements,  the  geologist  will  not  fail  to  remark  how  closely  thesQ 
recent  lacustrine  formations  in  America  resemble  the  tertiary  argillaceous 
aod  calcareous  marls  of  lacustrine  origin  in  Central  France*  In  both 
cases,  many  of  the  genera  of  shells  most  abundaati  as  Lymnca  and  Plan- 
otbie^  are  the  same  ;  and  iii  regard  to  other  classes  of  organie  ren)ains« 
there  must  he  the  closest  analogy,  as  I  shall  endeavour  more  fully  ta 
explain  when  speaking  of  the  imbedding  of  plants  and  animals  in  recent 
deposite. 

DELTAS  OF  INI^kND  SEAS. 

BaiUic — ^Having  thus  briefly  considered  some  of  the  lacustrine  deltas  - 
DOW  in  progress,  we  may  next  turn  our  attention  to  those  of  inland  seas. 

The  shallowing  and  conversion  into  laud  of  many  parts  of  the  BaltiCy 
especially  the  Gulfs  of  Bothnia  and  Finland,  have  been  demonstrated  by 
a  series  of  accurate  obsenrations,  for  which  we  are  in  a  great  measure 
indebted  to  the  animated  eontroversy  which  has  been  kept  up,  since  the 
middle  of  the  last  century,  concerning  the  gradual  lowering  of  the  level  of 
the  Baltic.  I  shall  revert  to  this  subject  when  treating  of  the  slow  and 
insensible  upheaving  of  the  land  in  certain  parts  of  Sweden,  a  movement 
which  produces  an  apparent  fall  in  the  level  of  the  waters,  both  of  the 
Baltic  and  the  ocean.t  It  is  only  necessary  to  state  in  this  place,  that  the 
rapid  gain  of  low  tracts  of  land  near  Tomeo,  Piteo  and  Luleo,  near  the 
head  of  the  Gulf  of  Bothnia,  are  due  to  the  joint  operation  of  two  causes — 
the  influx  of  sediment  from  numerous  rivers,  and  a  slow  and  general 
upward  movement  of  the  land  lUieif,  and  bed  of  the  sea,  at  the  rate  of 
several  feet  in  a  century. 

Delta  of  (/if  Jihone. — We  may  now  turn  our  attention  to  some  of  the 
principal  (If  li  of  the  Mediterranean,  for  no  other  inland  sea  affords  so 
many  examples  of  accessions  of  new  lands  at  the  mouths  of  rivers  within 

•  Trans,  of  Lit.  and  Hist.  Soc.  of  Quebec,  vol.  i.  p.  5.  1829. 

f  Since  writing  the  third  edition,  I  have  visiteH  S'.vrtirn,  and  removed  the  douhta 
which  1  h^farr>  entertained  and  expressed  respecting  the  alleged gndtud  elevatioa  of 
tbe  land  in  bcajidinavia. — See  Book  ii.  chap.  xvii. 
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the  records  of  aiulientic  liisiory.  The  lacustrine  delta  of  ihc  Rhone  in 
Switzerland  lias  already  been  considered,  and  its  conlcmporancous 
marine  delta  may  now  be  described.  Scarcely  has  the  river  passed  out 
of  the  Lake  of  Genera,  before  its  pure  waters  are  again  filled  with  sand 
ind  aediment  by  the  impetooaa  Krwe,  deacending  from  the  highest  Alps, 
and  bearing  along  in  ite  current  the  granitie  detritui  annually  brought 
down  by  the  glaciers  of  Mont  Blanc,  The  Rhone  afterwards  receivee 
rast  contributions  of  transported  matter  from  the  Alps  of  Danphinyt  Md 
the  primary  and  Toleanie  mountaine  of  Central  France ;  and  when  at 
length  it  entem  the  Mediterraneant  it  diaeoloora  the  bine  waters  of  Ibat 
iea  with  a  whitish  aediment,  for  the  distance  of  between  six  and  seven 
miles,  throughout  which  space  the  current  of  frash  water  is  perceptible. 

Proof t  of  tl#  thmof e  since  hiHorieat /ierjods.-^trabo*s  description  of 
the  delta  is  so  inapplicable  to  its  present  configuration,  as  to  attest  a  com- 
plete alteration  in  the  physical  features  of  the  country  since  the  Augustan 
age.  It  appears,  however,  that  the  head  of  the  delta,  or  the  point  nt 
which  it  begins  to  ramify,  has  remained'  unaltered  since  the  time  of 
Pliny,  for  he  states  that  the  Rhone  divided  itself  at  Aries  into  two  arms. 
This  is  the  case  at  present ;  one  of  the  branches  being  now  called  Le 
Petit  Rh6ne,  which  is  again  subdivided  before  entering  the  Mediterra- 
nean. The  advance  of  the  base  of  ilie  ilclLi,  in  ilie  hisi  eighteen  renlu- 
ries,  is  demonsiraled  by  many  curious  aiiuquanan  nioniunenis.  'I'lie  most 
strikin;^  of  these  is  the  great  detour  made  by  the  okl  Uomaii  road  from 
XJgernum  to  He/. lers  (part  of  the  high  road  between  Aix,  Jifjrt'i'  ScxtiiF^ 
and  Nismes,  yf  inaiLsus.)  It  is  clear  that,  when  this  was  first  consiructed, 
it  was  impossible  to  pass  in  a  direct  line  ns  now,  across  t!ie  delta,  and 
that  either  the  sea  or  marshes  intervened  in  a  tract  now  consisting  of 
terra  firms.*  Astruc  also  remarks,  that  all  the  places  on  low  lands,  lying 
to  the  north  of  the  old  Roman  road  between  Nismes  and  Beziers,  have 
names  of  Celtic  origin,  evidently  given  to  them  by  Uie  first  inhabitants  of 
the  country ;  whereas,  the  places  lying  south  of  that  road,  towards  the 
srs,  have  names  of  Latin  derivation,  and  weie  deariy  founded  afief  the 
Roman  language  had  been  introduced* 

Another  proof,  also,  of  the  great  extent  of  land  which  has  come  into 
existence  since  the  Romans  conquered  and  colonised  Gaul,  is  derived 
from  the  fact,  that  the  Roman  writers  never  mention  the  thermsl  waters 
of  Balaruc  in  the  delta,  although  they  were  well  acquainted  with  those  of 
Aix,  and  others  still  more  distant,  and  attached  great  importanoe  to  them, 
ss  they  invariably  did  to  all  hot  springs.  The  waters  of  Balaruc,  there- 
fore,  most  have  formerly  issued  under  the  sei^^  eommon  phenomenon 
on  the  borders  of  the  Mediterranean ;  and  on  the  advance  of  the  delta 
they  continued  to  flow  out  through  the  new  deposits. 

*  Mim.  4'Astrae,  sited  bjr  Von  Moff,  vel.  i.  ^  888. 
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Among  the  mom  divool  prooAi  of  the  inewm  of  land,  wo  fM  thai 
M 000,  deaeribod  under  ibo  appeUalion  of  BffMoa  Collit  hy  Pooipoiiiua 
Moby*  and  atatod  by  him  to  be  nearly  an  iaiand,  ii  now  &r  inland.  Notre 
Dame  dee  Ports,  also,  was  a  harbour  in  808,  but  is  now  a  league  from 

the  shore.  Psalmodi  was  an  island  in  815,  aiul  is  now  two  leagues  from 
ihe  sea.  Several  old  lines  of  towers  and  sca-niarks  occur  at  difTereni  dis- 
tances from  ilie  present  coaat,  all  indicaung  the  successive  retreat  of  ihe 
sea,  for  each  line  has  in  its  turn  become  useless  to  mariners;  wliich  may 
well  be  conceived,  when  we  state  that  the  lower  of  Tig^natix,  erected  on 
the  shore  so  Ute  aa  Uie  year  1787,  ia  already  a  Freach  mUe  remote 
from  it.t 

By  the  confluence  of  the  Rhone  and  the  currents  of  the  Mcditerraneant 
driven  by  winda  from  the  aoulh*  aand-bars  are  often  formed  across  the 
mouths  of  the  rifir:  by  theae  means  eonaiderable  apaeea  become  divided 
off  from  the  sea,  and  sabaeqoantly  from  the  river  also,  when  it  shifta  ila 
channels  of  efflux.  As  some  of  these  lagoons  are  subject  to  the  oeen- 
aiooal  ingieaa  of  the  riter  when  flooded,  and  of  the  sea  during  alormai 
they  are  aliomaialy  aalt  and  fraah.  Othen,  ate  being  filled  with  aall 
waiar*  are  o(Vea  lowered  by  ovaporation  till  they  beoome  mora  aalt  than 
Ibeaea ;  and  it  haa  happened  oeeaaionallyy  that  a  eonaideraUo  precipitate 
of  mnriale  of  aoda  haa  taken  place  in  theae  natural  ■altema*  During  the 
latter  part  of  Napoleon'a  eareoft  when  the  ezeiae  lawa  were  enforead 
with  exiramo  rig0iir»  the  police  ww  employed  to  pravent  aneh  aalt  from 
being  need.  Tlie  floviatile  and  marine  ahella  endoaed  in  theae  email 
lakea  oAen  live  together  in  braekiah  water ;  but  the  uncongenial  nature  of 
the  fluid  usually  prodocM  a  dwarfish  size,  and  sometimes  gives  rise  to 
strange  varieties  in  form  and  colour. 

Captain  Smyth,  in  the  laie  survey  of  the  coast  of  the  Mediterranean, 
found  the  sea,  opposite  the  mouth  of  the  Khonc,  to  deepen  gradually 
from  four  to  forty  fathoms,  wiihiii  a  distance  of  six  or  seven  miles,  over 
which  the  discoloured  fresh  water  extends  ;  so  that  the  inclination  of  the 
new  dc{)osii.H  must  be  too  slio;ht  to  be  appreri;ible  in  such  an  extent  of 
section  as  a  geologist  usually  obtains  in  examining  ancient  formations. 
When  the  wiod  blew  from  the  south-west,  the  ships  employed  in  the 
aarvey  were  obliged  to  quit  their  mooringa ;  and  when  they  relumed, 
the  new  aand-banka  in  the  delta  were  found  covered  over  with  a  great 
abundance  of  marine  ahella.  By  thia  means,  wo  learn  how  occasional 
bade  of  drifted  marine  ahella  may  become  interatratified  with  freah-water 
atiau  at  a  river*a  mouth. 

Stmt^  nature  tif  Um  ib;poatla«^That  a  graat  proportion,  at  leaat,  of  the 
new  depoait  in  the  delta  of  the  Rhone,  eonaiata  of  rodb,  and  not  of  loose 

•  Lib.  II.  c.  V. 

4  BoQcbe,  Cbofognipbie  et  HImU  de  Provence,  vol.  i.  p.  33,  oitdd  by  Voa  Hoff| 
vol.  i.  p  290. 
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lilcoherent  mailer,  is  perfectly  Ascertained.  In  the  Museum  at  Moot- 
pellicr  is  a  cannon  lakten  op  from  the  sea  near  the  mouth  of  ibe  n>er, 
linbediled  In  a  crystnllitie  calcareous  rock.  Large  masses,  also,  are  coa- 
iihiially  taken  np  of  an  arenaceous  rock,  cemented  hy  calcareous  mutter, 
including  multitudes  of  broken  shells  of  recent 'species.  'I  [ir  ubservalioos 
lately  made  on  this  subject  corroborate  the  lormer  statement  of  Marsrlfi, 
thai  the  earthy  deposits  ol  Uir  coa'^t  of  Langncdoc  form  a  stony  substance, 
for  which  reason  he  ascribed  a  certain  bituminous,  saline,  and  glutinous 
ttaiurd  to  the  Substances  brought  down  with  sand  by  the  Rhone.*  If  die 
number  of  miheral  springs  charged  with  carbonate  of  lime  which  fait  inte 
the  Rhone  and  its  feeders  in  different  parts  of  France  be  considered,  we 
ithdl  feel  no  Surprise  at  the  lepidification  of  the  newly  deposited  sediment 
in  this  delta.  It  should  be  ramenilyered,  that  the  firesh  water  iatrotloeed 
hy  rivers,  being  lighter  than  the  water  of  the  sea,  fioots  om  fh«  lattor, 
and  remdns  upon  the  surface  for  a  considerable  dbtanoe.  Coneeqnenilf  , 
it  is  exposed  to  as  orach  evaporation  as  Hht  waters  of  a  lake ;  and  tke 
area  over  which  the  river  water  is  spread,  at  the  Jtmetion  of  gfest  tivsis 
and  the  sea,  maj  well  be  compared,  in  point  of  extenttto  thatof  conlrfdc^ 
able  lakes. 

Kow,  it  is  well  known,  that  so  great  is  the  qusntitjof  water  eanMeff 
by  evaporation  in  some  lakes,  that  it  is  nearly  equal  to  the  water  iowing 
in ;  and  in  some  inland  seas,  as  the  Caspian,  it  is  quite  equal.  We  may, 
therefore,  well  suppose,  that,  in  eases  where  a  Strong  current  does  not 
interfere,  the  greater  portion  not  only  of  the  matter  held  mechanically  in 
sii>i)L!ision,  but  ul  tiial  also  which  is  in  chemical  solution,  may  be  pre- 
cilMi  lied  at  no  great  distance  from  the  shore.  When  these  finer  io- 
grcdients  are  extremely  small  iu  quainny,  ihey  may  only  suffice  to  sup- 
ply crustaceous  animals,  corals,  and  murine  plants,  with  the  earthy  parti- 
cles necessary  for  their  sernjiions  ;  but  whenever  it  is  in  excess  faf 
generally  happens  if  the  bahui  of  a  river  lie  partly  in  a  di^^irirt  of  r^cii\  r  or 
extinct  volcanos),  then  will  solid  deposits  be  formed,  and  tiie  shells  will 
at  once  be  included  in  a  rocky  mass. 

Delia  of  the  Po. — The  Adriatic  presents  a  great  combination  of  cir* 
cumstances  favourable  to  the  rapid  formation  of  deltas — a  gulf  receding 
far  into  the  land-~a  sea  without  tides  or  strong  currents,  and  the  inflaz 
of  two  great  rivers,  the  Po  and  the  Adige,  besides  anmeroos  minor  streams, 
draining  on  the  one  side  a  great  crescent  of  the  Alps,  and  on  thoothef  soms 
of  the  loftiest  ridges  of  the  Apennines.  Fh>m  the  northernmost  point  of 
the  Gulf  of  Trieste,  where  the  Isonxo  enters,  down  to  the  sooth  of  S» 
venna,  there  is  an  nninterropied  series  of  recent  accessions  of  land,  moss 
than  one  hundred  miles  in  length,  which,  within  the  )sit  SINIO  years, 
have  Inereased  from  two  to  hmiy  mUu  in  breadth*  Thtt  leooso, 
Tsf^tailmile,  Piav«»  Bteotat  Adige.  sod  Po»  besides  mmy  other  iiiMor 


*  Hist  Fhjs.  lis  kMsr. 
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eontriliM  td  lh«  aflvmee  of  tfa*  coiiIpIIm*  io4  to  tlie  tUDowlD^ 
or  the  gulf*  Tiie  Po  and  Adige  may  now  h»  eaniidmd  tt  eotflring 
by  one  ooaimoii  tMu,  Ibr  two  bianeliM  of  ihe  Adigo  aie  eooMcted  with 
ttmoofllioPo. 

In  consequence  of  the  great  concentration  of  the  flooded  waters  of  ihese 
streams  since  the  system  of  embankment  became  general,  the  rate  of  en- 
croachment of  the  new  land  upon  the  Adriatic,  especially  at  ihai  point 
where  the  Po  and  Adige  enter,  is  said  to  have  been  greatly  accelerated. 
Adria  was  a  seap(»ri  m  the  time  of  Augiissius,  and  had,  in  ancient  tiroes, 
^ven  its  name  to  the  ^-iilf ;  it  in  now  about  twenty  Italian  milfs  inhmd. 
Ravenna  was  also  a  t^taport,  and  it  is  now  about  four  Italian  mi  Irs  from 
the  main  sea.  Yet  even  before  the  prnrtioe  of  embankment  was  intro- 
duced, the  ulluviura  of  the  Po  advanced  with  rapidity  on  the  Adriatic; 
for  Spina,  a  very  ancient  city,  originally  built  in  the  district  of  Ravenna, 
at  the  mouth  of  a  great  arm  of  the  Po,  was,  so  early  as  the  eommenca- 
meat  of  our  era,  eleven  Italian  miles  distant  (torn  tho  sea.* 

The  greatest  depth  of  the  Adriatie*  between  Dalmatia  and  the  mauths 
of  the  Po,  is  twenty-two  fathoms ;  but  a  large  paH  of  the  Gulf  of  Trieste 
and  the  Adriatic,  opposite  Venice,  is  less  than  twelve  fathoms  deep* 
Farthsar  to  the  eooth,  where  it  is  less  affected  by  tlie  inflnzof  gnat  nten, 
die  gnlf  deepent  conatdetably.  ]>oiiati>  after  dredging  the  botlom,  die- 
covofod  the  new  depoaila  to  eoiiaiat  partly  of  mod  and  partly  of  rDck«  Ihe 
loek  being  fonned  of  eakareoue  matter,  ineniating  ahetta.  He  alao  ao» 
Oertanwdt  that  partSeolar  apedee  of  tsetacea  weie  grooped  together  in 
certain  plaoee,  and  were  becoming  alowly  mcoiporated  with  the  mod, 
or  eakaMNMia  preeipltatea.t  Olivi,  alao,  fonnd  aome  depoeita  of  aandt 
ud  olbeiB  of  nrad,  extending  half  way  aeraes  the  gnlf  $  and  be  eiafea  thai 
their  diatribntlon  along  the  bottom  was  evidently  determined  by  the  pre* 
vailing  eurranl.t  It  is  probable  therefoie,  that  the  finer  eediment  of  all 
the  rivers  at  the  head  of  the  Adriatic  may  be  intermingled  by  the  influence 
of  the  current;  and  all  the  central  parts  of  the  gulf  may  be  considered  as 
slowly  lilling  up  with  horizontal  deposits,  similar  lo  ihose  ol  the  Suba- 
peiiiiiiie  hilU,  and  cuiuaining  many  ul"  the  same  species  of  shells.  The 
Po  merely  introduces  at  present  fine  sand  and  mud ;  for  it  carrier  no 
pebble  fartfier  than  the  spot  where  it  joins  the  Trebia,  west  of  Piacenza. 
Near  the  norifirrn  borders  of  the  basin,  the  Tsoiizo,  Tagliamento,  and 
many  other  streams,  are  forming  mnncntse  bedj>  of  sand  and  some  con- 
ghmier  ue  ;  for  here  some  liigh  mountains  of  Alpine  limestone  approach 
wiihin  a  few  miles  of  the  sea. 

In  the  lime  of  the  Romans,  the  hot-baths  of  Monfalcone  were  on  one 


*  See  Bsooehi  on  the  various  wateia  on  this  solyseL  CSoaeb«  Fobs.  Bobap.,  vsL 

i.p.118. 
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of  sc;  eral  islands  of  Alpine  limestone,  between  which  and  the  maioland* 
on  the  north,  was  a  channel  of  ihe  sea,  about  a  mile  broad.  This  channel 
is  now  converipfl  into  a  grassy  plain,  which  surrounds  the  islands  on  all 
sides.  Among  the  numerous  cliaiifrcs  on  this  coast,  we  find  that  the  pre- 
sent channel  of  the  Isonzo  is  severiil  miles  to  the  west  of  its  ancient  l)ed, 
in  pari  of  which,  at  Ronchi,  the  old  Roman  bridge  which  croMed  ibe  Via 
Appia  was  lately  found  buried  in  fluvialile  ailt. 

Notwithstanding  the  present  shaUowneaa  of  the  Adriniic,  it  is  highly 
probable  that  its  original  depth  was  very  great ;  for  if  all  the  low  alluvial 
tfiets  were  taken  away  from  ita  borders  and  replaced  by  sea,  ibe  high 
hnd  would  tenninate  in  that  abrupt  manner  which  generally  indicaiea,  in 
the  Mediterranean*  a  great  depth  of  water  near  the  ahore*  except  in  thoae 
apota  where  aediment  imported  by  rivera  and  cnrrenta  has  dimtmahed  tb« 
depth.   Many  parte  of  the  Mediterranean  are  now  aaeertained  to  be 
'^above  SCMM)  feet  deep,  cloee  to  the  ahore»  as  between  Nice  and  Genoa  ; 
and  even  aometimes  6000  feet*  aa  near  Gibraltar.   When«  therefore,  we 
find,  near  Parma,  and  in  other  diatricts  in  the  interior  of  the  Italian  pen- 
inaula,  beds  of  horizontal  tertiary  marl  attaining  a  thickneaa  of  about  8000 
feet,  or  when  we  diaeofer  atrata  of  inclined  conglomerate,  of  the  aame  age, 
near  Nice,  measuring  above  1000  feet  in  thickness,  and  extending  seven 
or  eight  miles  in  length,  we  behold  nothing  which  the  analogy  of  tiie 
deiias  in  ilie  Adriatic  might  not  lead  us  to  anticipate. 

Delta  of  the  Nile, — That  Egypt  was  **the  gifi  of  the  Nile,"  was  the 
opinion  of  her  priests  before  the  lime  of  Herodotus ;  but  we  have  no 
authentic  memorials  for  determining,  u  iih  accuracy,  the  dates  of  success- 
ive additions  made  to  the  habitable  surfaee  of  that  counl"y-  TJie  con- 
hguration  and  composition  of  tlie  low  lands  leave  no  room  for  doubt, 
says  Rennell,  that  the  sea  once  washed  the  base  of  the  rocks  on  which 
the  pyramids  of  Memphis  stand,  \\\tprestnt  base  of  which  is  washed  by 
the  inundation  of  the  Nile,  at  an  elevation  of  seventy  or  eighty  feet  above 
the  Mediterranean.  But  when  we  attempt  to  carry  back  our  ideaa  lo  the 
remote  period  when  the  foundation  of  the  delta  was  first  laid,  we  are  lost 
in  the  contemplation  of  so  vast  an  interval  of  time."*  We  know  that  the 
base  of  the  delta  has  been  eonaiderably  modified  aince  the  days  of  Homer* 
The  ancient  geographera  mention  aeven  principal  mouths  of  the  Nile,  of 
which  the  most  eaatem,  the  Peluaian,  baa  been  entirely  allied  up,  and 
the  Mendeaian,  or  Tanitie,  haa  diaappeared.  The  Phatnitic  month,  and 
the  Sebenitic,  have  been  so  altered,  that  the  country  immediately  aboat 
them  haa  little  resemblance  to  that  deacribed  by  the  ancients.  The  Bol- 
bitine  mouth  haa  increaaed  in  its  dimenaiona,  so  aa  to  cauae  the  city  of 
Rosetta  to  b«  at  some  distance  from  the  sea. 

The  alterations  produced  around  the  Ganopio  mouth  are  also  important. 
The  city  Foah,  which,  so  late  as  the  beginning  of  the  fifteenth  century, 

*  Gofif.  Sjrsl.  of  U«iod.  vol.  u.  p.  107. 
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w  «tt  ihw  — bowiwfc,  if  now  mm  than  a  mile  inltnd.  Oanopus, 
which,  in  the  time  of  ScyUx,  was  a  desolate  insular  rock,  has  been  con- 
nected with  ihe  firm  land;   atid  Pharos,  an  island  in  times  of  okl,  now 
belongs  to  the  continent.    Homer  says,  its  distance  from  Egypt  was  one 
days  voyage  by  sea.*    That  this  should  have  been  the  case  in  Homer's 
time,  Larcher  and  others  have,  with  reasom  affirmed  to  be  in  the  higiiest 
de;iBTee  improbable:   biu  Slrabo  has  judiciously  anticipated  their  ohjec- 
tionti,  obstprving,  that  Homer  was  iirobably  acquainted  wiih  the  gradual 
aiivnnre  of  l!ie  Innd  on  this  coast,  and  availed  himself  of  lliis  phenomenon 
to  give  :in  air  of  higher  antiquity  lo  the  remote  periotl  in  wfiich  he  laid 
the  scene  of  his  pocua.t    The  lake  Mareotis,  also,  top;eificr  wiih  the 
canal  which  connected  it  wiUi  the  Ganopic  arm  of  the  I^ile,  has  been 
filled  with  mod,  and  if  baeome  dry.    Herodotus  obaenrea,  *«t|iat  the 
eoaatiy  roand  Memphis  seemed  formerly  to  iMte  beeii  an  arm  of  tb* 
Ma  i^doaUy  fiUed  by  the  Nile,  in  the  saiAe  manner  as  the  Memnder, 
▲eheloiM,  and  other  etmaiWy  bad  fomied  ddiM*  Bgjp^  tberalbffe,  be 
aajSt  UIm  tbe  Bed  Sea,  was  once  a  long^  narrow  bay,  and  both  gulfs  vara 
wmpmmM  hj  %  anatt  noefc  of  bad.  If  tha  Nile,  be  adds,  shmiM  bjr  maj 
■aana  hata  an  laaaa  into  tbe  AtaWan  OaU;  h  night  choke  it  wp  with 
Mith  io  t0,900t  or  ataa,  parhapa^  la  10,000  yafia;  and  why  mtf  aol 
ik^  Nila  bava  fiOad  with  nod  aatill  giaalar  falf     tba  apaaa  of  tiow 
wbiab  baa  paiaad  bafoia  amr  agaf*t  * 

Mmitftkt  JWU^^Tba  analyaia  of  iba  mod  af  Iba  Nila  fitaa  aaailjr 
a«a  hjf  of  aiKiUaeaoiia  aailb,  and  about  ono-fovrtb  of  aaibonata  of  li«0| 
naaily  ana  laoth  of  oaiban,  tba  ramaindet  aonaiatlngof  iralar,  aOaz,  osida 
of  iron*  and  eaibonala  of  magn^ia.$ 

The  depth  of  tbe  Mediterranean  ia  abont  IwalfO  falbona  at  a  anall 
distance  (Wmi  the  shore  of  the  delta ;  it  afienraida  xnereases  gradually  to 
fifty,  and  then  suddenly  descends  to  380  fathoms,  which  is,  perhaps,  the 
original  depth  of  the  sea  wiiere  it  has  not  heen  rendered  shallower  by 
floviatile  mailer.  The  progress  of  the  delta  in  the  last  2000  years 
affords,  perhaps,  no  measure  for  estimating  its  rate  of  growlli  when  it 
was  an  inlaiid  bay,  and  had  not  yet  protruded  itself  beyond  the  coast  line 
of  the  Mediterranean.  A  powerful  current  now  weeps  alonj?  the  shores 
of  Afrirr^,  from  the  Straits  of  OiHraltru  to  the  prominent  eonvexity  of 
Egypt,  the  western  side  of  wliirh  is  eontinually  tlic  prey  of  ihe  waves  ; 
so  that  not  only  are  fresh  accessions  of  land  checked,  but  ancient  parts  of 
the  delta  are  carried  away.  By  this  cause  Canopus  and  some  other 
fowaa  have  been  overwhelmed ;  but  to  this  aubiect  1  shall  again  refer 
wbon  apoaking  of  tidaa  and  ennanla. 

•  0()y«.i  book  iv.  355. 
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CHAPTER  V. 

OCBAMIC  OVLTAt. 

Oceanif  dcUa«!— Deltas  of  the  Granges  arut  linrminpootfr — Ttssizf — Rate  of  arl  vonce, 
ftnd  nature  ol  iti  deposits — Formation  and  destruction  ot  leiandsi — Abundance  of 
crocodile! — loundations — Delta  of  the  Miattasippi  (p.  22H.) — Deposits  <^  llrift 
wood— Gndiitf  filling  up  of  tiM  Tellow  8e»— Estimals  of  the  quantity  of  inttd 
earned  dovrn  bj  tlie  Gai^a  Fonnalion  of  rtXkyw  illiurtFated  by  the  giowth  of 
deHaA^Oionpiiig  of  new  atrata  in  general  (p.  23SI.)— OoiiTrrfeiice  of  deltas — Com^ 
glomerates— VannT]<^  rnn«ps  of  atnitiftcation  IMgeetiwi  of  lamttiM  Remarks  on 
tlie  iateichaage  of  iaad  aod  aea* 

Tub  remaining  class  of  deltas  are  those  in  which  rivers,  on  entering  the 
M8»  are  exposed  to  the  influence  of  the  tides.    In  this  case  it  frequently 
bappeni  that  an  estuary  is  prodoeed,  or  negative  delta,  as  RenneU  termed 
itf  wbore*  instead  of  any  encroachment  of  the  land  upon  the  sea,  the 
oeesn  enters  the  river^s  mouth,  end  penetrates  into  tbe  land  beyond  ibe 
general  eoeedine*   Where  this  happens,  the  tidee  and  currenle  are  the 
predominating  agentt  in  the  dietnbution  of  transported  eediment.  Tbe 
phenomena,  therefore,  of  such  estoariee,  will  be  treated  of  wheo  ibe 
movements  of  tbe  ocean  come  under  consideration.  But  whenever  the 
volume  of  freeb  water  is  so  great  as  to  eoonieraet  and  almost  neatraliae 
Ibe  force  of  tides  and  currents,  and  in  all  cases  where  these  ageme  have 
not  sufficient  power  to  remoTe  to  a  distance  tbe  whole  of  the  sediment 
periodically  brought  down  by  riTels,  oceanic  deltas  are  produced.  Of 
these,  I  shall  now  s^ect  a  few  illustrative  examples* 

Delia  of  the  Gange$,^'rh»  Ganges  and  the  Borrampooter  descend, 
from  the  highest  mountains  in  the  world,  into  a  gulf  which  runs  225 
miles  into  the  continent.  The  Burrampooter  is  somewhat  the  larger 
river  of  the  two ;  but  it  first  takes  the  name  of  the  Megnu  wlieii  j(Mited  by 
a  smaller  strtjani  so  called,  and  afterwards  loses  this  second  iiame  on  its 
union  with  the  Ganges,  at  the  distance  of  aboul  forty  miles  from  the  sea. 
The  area  of  the  delta  of  the  Ganges  (without  inclutlmg  thai  of  the  Bur- 
rampooter, which  has  now  become  conterminous)  is  considerably  more 
than  double  that  of  the  Nile;  and  its  head  commences  at  a  distance 
nf  220  miles,  in  a  direct  line  from  the  sea.  Its  base  is  200  miles  in 
iengtii,  including  the  space  occupied  by  the  two  great  arms  of  the  Ganges 
which  bound  it  on  cither  side.  The  part  of  the  delta  which  borders  on 
the  sea  is  composed  of  a  labyrinth  of  rivers  and  creeks,  all  filled  with  salt 
water,  except  those  immediately  communicating  with  the  principal  arm  of 
the  Ganges.  This  tract  alone,  known  by  the  name  of  the  Woods,  or 
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Sii tidcrbundf,  s  wilderness  infested  by  tigers  and  alligators,  is,  according 
lo  ReiuicU,  equal  la  extent  to  llie  wliole  principality  of  Whiles. • 

On  the  sea-coast  there  arc  etj^ht  great  openiags,  each  of  \vhich  has 
avidenily,  at  some  ancient  period,  served  in  iui  turn  as  the  principal  chan- 
nel of  discharge.  Although  the  flux  and  reflnx  of  tfic  tide  extend  even 
to  the  head  of  the  delta  when  the  river  is  low,  yet,  when  it  is  periodical- 
ly swollen  by  tropical  rains,  the  velocity  ol  the  stream  coniiieracts  the 
tid.il  current,  so  that,  except  very  nenr  the  sea,  the  ebb  and  tlow  become 
insensible.  During  the  flood  season,  therefore,  the  Ganges  almost  a»- 
«aroes  tiie  character  of  a  river  entering  a  lake  or  inland  sea ;  the  move* 
ments  of  the  ocean  beuif  then  subordinate  to  the  fom  of  the  river,  and 
only  alighily  dieCsiblBf  ilt  i^rations.  The  greet  gain  of  the  delta  in 
iMlglii  and  aret  lata  plaee  &ming  lha  inundations  {  and«  during  other 
mmtim  M  tb«  ymr$  tha  aeean  makes  repris&ta,  aaovriof  out  lha  afaannala* 
md  ao— tliwaa  dafoaiiof  rieh  allavial  plah». 

8o  gMti  ia  the  qnaMiif  of  mid  aiMl  aand  poniad  by  lha  Oaagaa  hila 
dM  gulf  in  lha  Hoad  aaaaoii,  that  iha  aaa  onfy  raaovaia  iia  tnaapaiaocy 
I*  llm  diaianea  of  aii^  milaa  ftoM  iha  aoast  Tha  genafal  alopa,  ihara* 
IbiOt  of  tho  now  aMa  mnmI  ha  aztianaly  gradoaL  .Bjf  lha  eharii  fO« 
oomtjr  yhiiahad,  it  opfMna  that  than  ia  a  gradnal  deepening  ftom  fbof 
lo  abotti  aisigr  lhihoBM«  aa  wo  proaoad  Hum  lha  baaa  of  tha  dataa  to  itao 
diaiBM  of  ahoot  ooo  haadiod  ailoa  into  Iho  Bay  of  Bengal.  At  aooM 
hw  patam  mmmff  or  wrm  oao  hondrady  liithoaia  aio  ohiahMd  at  thai 

One  remarkable  exception,  however,  occurs  to  the  regularity  of  the 
shape  of  the  bottom ;  for,  opposite  the  middle  of  the  delta,  at  the  dis- 
tance of  thirty  or  forty  miles  hoin  the  coast,  is  a  nearlv  circular  space 
called  the  '*  swatch  of  no  ground,"  aliout  filLecn  miles  iti  diaiiieler,  where 
Bouiidmgs  of  100,  and  even  130,  fatlioiiis  ful  to  rearii  the  bottom.  This 
plienomenon  is  the  more  extraordinary,  ^\i\ce  the  depression  occurs  within 
five  miles  ol  the  line  of  shoals  ;  and  not  only  do  the  waters  charged  with 
CaiJireiic  sediment  pass  over  it  coniinimlly  ;  but,  during  the  monsoons, 
the  sea,  loaded  with  mud  and  sand,  is  beaten  back  in  that  direction  to- 
wards the  delta.  As  the  mud  is  known  to  extend  for  eighty  miles  fartlier 
into  (he  gulf,  we  raay  be  sssured  that,  in  the  course  of  ages,  the  accumu- 
InlioB  of  strata  in  **  the  swatch**  has  baea  of  enormous  thickness ;  and  wa 
aaam  entitled  to  deduce,  frooi  the  present  depth  at  the  spotf  that  tha  Ori* 
final  tnaqnahtka  of  tha  boiMi  of  tha  Bay  of  Baofid  «w  on  a  giaod 
aaaiov  nod  aomparahla  to  thoaa  cf  tha  main  ocean. 

OppoMliiha  niodthof  lha  Hoagly  rivar,  and  imoMdinaly  aonlh  of  Saagor 
UhmI,  km  milH  Sum  tho  oaaiaat  land  of  tho  daltoi  a  naw  iaiat  waa 

*  Accoant  td  thb  0«ng«i  aad  Barrvnpooter  Blv^  by  HajjWt  fteaBeU>  PbiL 
Tiaiia.  17oX. 
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formed  about  imotf  yem  afo*  called  EdmoiistiiiM  UMid«  oa  tfa»  oentiv 
of  wiuek  a  beMon  wae  eteetod  aa  a  laiHUmaik,  in  1817i  In  1818  th« 
Sdand  bad  beoona  (wo  milea  long  and  balf  a  mile  broad*  aid  waa  ooftiod 
with  ▼agelatwii  ^d  abiubar  Some  booaea  weio  lhaa  baill  opon  ii»  aad 
in  1880  it  waa  oaad  aa  a  pilot  atation.  The  aavara  gala  oT  1888  dividad 
it  into  two  parta,  and  ao  radueed  ita  eiae  aa  to  leave  the  beacon  alanding 
ont  in  tba  aea,  wbare«  after  remaiaiog  aeven  yeaiat  it  waa  waabod  awagr. 
▲t  longtli  the  iakt  baa  been  oonverled  by  anoeeeaive  aioima  into  a  aand- 
bank.  . 

Altfaovfh  there  la  evidence  of  gain  at  aoow  pointi,  the  general  progreaa  of 
the  eoaatia  very  alow ;  for  the  tides,  which  riae  from  thirteen  to  aixteen  feet, 
are  actively  employed  in  removing  the  alluvial  matter,  and  dififusing  it  over  a 
wide  area.  The  new  strata  consist  entirely  of  sand  and  line  mud  ;  such, 
at  least,  are  the  only  materials  which  are  exposed  tu  view  in  regular  bedf 
on  the  hiiiikti  of  the  numerous  creeks.  No  substance  so  conrse  as  gravel 
occurs  in  any  part  of  the  delta,  nor  nt  art  r  the  sea  than  4U0  nuies.  It 
should  be  observed,  however,  that  iliv  snperficial  alluvial  beds,  which  are 
thrown  down  rapidly  from  turbid  waters*  duruig  the  iloods,  may  be  very 
distinct  from  tho«e  deposited  at  a  great  distance  from  the  ?hore,  w  here 
crystalline  precipitates,  perhaps,  are  forming,  on  the  evaporation  of  so 
great  a  surface,  exposed  to  the  rays  of  a  tropical  sun.  The  separation  of 
aand  and  other  matter*  held  in  mechanical  sttsponston,  may  take  place 
where  the  watera  are  in  motion ;  but  mineral  ingredients,  held  in  eheaii- 
eal  solution,  would  naturally  be  carried  to  a  greater  diataacey  where  they 
any  aid  in  the  Aunnation  of  corals  aad  ahaUa,  aodt  in  part*  pathapat  bo- 
come  tbo  oenantiog  principle  of  rocky  maaaea. 

▲  well  waa  aonk  at  Fort  William,  Calcutta,  in  ibe  hope  of  otMainuif 
water,  thRmgfa  bade  of  adheaiva  day,  to  the  depth  of  148foat.  ▲  bad  of 
yellow  aand  waa  then  enteredt  and  at  the  depth  of  168  Ibet  anochor  ati»- 
tnm  of  day.* 

/etaib  forwtid  mid  de$iroyed.^M4w  R.  H.  Colabeooko,  hi  hk 
aooooat  of  the  coofao  of  the  Qangea,  leiatea  anmplea  of  the  rapid  lUmg 
np  of  aoma  of  ite  branohea,  and  tbo  eseavation  of  now  channela,  when 
tbo  nmnber  of  aqnara  milae  of  aoil  reoMved  in  a  abort  tine  (the  cokinm 
of  earth  being  114  feet  high)  was  truly  astonishing.  Forty  square  miles, 
or  25,600  acres,  are  mentioned  as  having  been  carried  away  in  one  place 
in  the  course  of  a  few  years.!  The  immense  transportation  of  earthy 
mailer  I'V  iIip  Ganges  and  Megna  is  proved  by  the  great  magnaude  of 
the  islands  tunaed  in  their  channels  during  a  period  far  short  of  that  of  a 
man's  life.  Some  of  these,  many  miles  in  extent,  liave  onL'inated  in 
large  aanU-baoks  ibrown  up  round  the  points  ai  the  angular  lurtuug  of  the 


•  Sss  ladia  Qsaetia,  Jane  8, 1681 . 
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livOT*  and  iflerwudf  imhlid  by  hnwAtB  of  die  slmuD.  Others, 
Ibrmed  in  the  main  channel,  wn  caused  by  some  obstruction  at  the 
bottom.  A  large  tree,  or  a  sunken  boat,  is  someiioies  sufficient  to  check 
llie  currenij  and  cause  a  deposit  of  sand,  which  accumulates  till  it  usurps 
a  considerable  portion  of  the  channel.  The  river  then  borrows  on  each 
side  to  supply  ihe  deficiency  in  its  bed,  and  the  island  is  afterwards 
raised  by  fresh  deposits  durinj?  every  Hood.  In  the  great  gulf  below 
I^iickipour,  I'urmed  by  the  united  wuiprs  of  the  Ganges  and  Burrampooier 
(or  Me^n;0,  ^oiiu;  of  itie  i>laM(is,  .^ay^  Kt  iiiiel!,  rival  in  size  and  fertility 
the  Isle  of  WiL'ht.  Wiiile  ilie  riv(T  is  forming  ucu'  islands  in  one  part. 
It  is  sweeping  away  old  ones  in  others.  Those  newly  formed  are  soon 
overrun  with  reeds,  long  grass,  the  Tamarix  lodica,  and  other  shrubs, 
forming  impenetrable  thickets,  whera  tigen,  buffalofy  dMTf  and  other 
wild  anioialtt  tske  shelter.  It  ii  eaiy,  therefore,  to  perceive,  that  both 
animal  and  TCgettUe  remaint  iirast  continually  be  precipitated  into  the 
flood,  and  aoBieiiiiiet  become  imbedded  In  the  eediment  wbieh  enbitdes 
in  the  delta* 

Two  epeeiee  of  eroeodiles,  of  dietinel  genera,  ebomid  In  the  Gingee 
and  ite  tribotery  eod  eootigaons  waten ;  end  Mr.  H«  T.  Colebneoko 
iafon&e  me  that  he  has  seen  both  kinds  in  pisees  ht  inland,  many  bai^ 
died  miles  fiom  the  sea.  Ths  Chingetio  eroeodUe,  or  GavisI  (in  eorrset 
ordiography,  Oarial}*,  is  eonfined  to  the  fresh  water,  bvt  the  oommoa 
cioeodile  frsqeenli  both  ftesli  and  salt ;  being  moeb  laiger  and  lieraer  In 
salt  and  braekish  water*  These  animals  swarm  in  the  braeUah  wafer 
dong  the  line  of  sand-banks  where  the  advanee  of  the  delta  is  most  rapid. 
Hundreds  of  them  are  seen  together  in  the  ereekt  of  the  delta,  or  basking- 
in  the  sun  on  the  shoals  without.  They  will  attack  men  and  cattle, 
destroying  Uie  ftalives  when  bathing,  and  iime  and  wild  unimals  which 
come  to  drink.     "  I  have  not  u  a  frequently,"  says  Mr.  Colebrooke, 

been  witness  to  the  horrid  spectacle  of  a  lioating  corpse  seized  bv  a 
crocodile  with  such  avidity,  that  he  half  emerged  above  the  water  with 
his  prey  in  liis  mouth."  The  ^reologist  will  not  fail  to  observe  how 
peculiarly  the  hnbit??  nnd  distribution  of  these  saurians  oxj)o>t'  iliem  to 
become  imbedded  in  the  horizontal  strata  of  tine  mud,  which  are  annually 
deposited  over  many  hundred  square  miles  in  the  Bay  of  Bengal.  The 
inhabitants  of  the  land,  which  happen  to  be  drowned  or  thrown  into  the 
water,  are  nsnally  devoured  by  these  Toraeious  reptiles ;  but  we  may 
suppoee  the  remains  of  the  sanrians  themselves  to  be  eontinnaUy  entombed 
in  the  new  formaiiona. 

Jmrndaiimu^^li  sometimes  happens,  at  the  sesson  when  the  periodical 
flood  is  at  its  height,  that  a  strong  gale  of  wind,  conspiring  with  a  high 
spring-tide,  checks  the  descending  current  of  the  rim,  end  gives  rise  to 
most  deetmetive  inundations.  Ftom  this  cause,  in  the  year  1708,  the 
wmors  ai  LndtapoiHr  rose  six  feet  above  their  ordhwiy  level,  and  the 
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iiiMteitf  of  •  oooiiteiblt  di#|rieit  with  ibeir  hoofw  iod  ealtlv*  w«ni 
iQMiHy  ivtpl  tway. 

The  popoUtioa  of  aU  oownie  deltap  m  partioDlftrly  oipof#d  to  anfiiBr 
by  mieh  eataitiopliei.  mcttrriiig  at  oopakteiaUa  inter? alt  of  tkom  ;  Mid  we 
Viay  fafely  aaaaina  that  such  tragical  avanta  hava  happened  ngmin  and 
agaiQ  since  the  Gangetic  delta  was  inhabiteil  by  man.  If  human  ezpe* 
rience  and  forelhonghi  c;uhioi  alwiiys  guard  aguiiist  liicsc  calamilies, 
iess  can  ihe  tiirermr  auutials  avohl  them  ;  and  the  monumenis  of  such 
disastrous  inundations  must  be  looked  for  in  cereal  nbuiulance  in  strata  of 
ail  agei,  if  Uie  surTace  of  our  plaaei  hr^s  always  been  governed  by  ihe 
pame  laws.  When  we  reflect  on  the  gLiicral  order  and  tranquillity  thai 
reign*  m  the  ncl)  and  populous  (itlia  of  l^-ngal,  notwilhslandi.-ig  the 
liavoc  occasionally  committctl  by  ihe  depredations  of  the  ocean,  we  per- 
ceive how  unnecessary  it  is  to  attribute  the  imbedding  of  succciisi\ e  races 
of  animals  in  older  strata  to  extraordinary  energy  in  the  causes  of  decay 
and  raproduciion  in  the  infancy  of  our  planet,  or  to  those  general  calaa- 
trophes  and  sudden  revolutions  resorted  to  by  some  tbeorifta. 

Jhka  ^ the  AliatiMsippL — As  the  delta  of  the  Gangea  may  bp  consid- 
•rad  a  type  of  tboae  fonned  on  tlie  bordera  of  the  ocean,  it  will  be 
wmeeeaaaiy  to  aoeunulatn  eianplea  of  othera  on  a  no  leaa  rangnificent 
f  eale«  aa*  for  esaniple»  at  the  moutba  of  the  Orinooo  and  Amazon*  To 
Ibcfet  howevert  I  ahaU  referl  by-and-by,  when  treating  of  the  a^oey  of 
eianreola.  The  tidea  of  the  Mexican  Gulf  are  ao  feeble,  that  tho  <ielta  of 
Ibe  Mieaifsippi  haa  aomewhat  of  an  intermediate  eharaeter  between  an 
per fmie  and  nediierranean  delta*  A  long  narrow  tongue  of  land  is  pro- 
truded, coDsitung  simply  of  the  banka  of  the  river,  wearing  preeiaely  the 
same  appearance  as  to  the  inland  plains  during  the  periodical  inundations, 
irlien  nothing  appears  above  water  but  ihe  higher  part  of  the  sloping 
glacis  bfluru  dei^cribed.*    'J  li;s   longue  of  land  has   advanctd  many 
leagues  since  New  Orleajis  was  built.    Great  subiJianne  dcpui«iia.  are 
also  in  progress,  stretching  far  and  wide  over  tijc  boitora  of  the  sea, 
which  has  become  extremely  shalUiw,  not  exceeding  [en  fatlioms  in 
depth.    Opposite  the  mo^uh  of  ifie  Mississippi  Inr^'e  ruWs  of  drift  trees 
brought  down  every  spring,  are  matted  together  into  a  net-work  many 
yards  in  thickness,  and  stretching  over  hundreds  of  a<iuare  leagues.t 
They  afterwards  become  covered  over  with  a  fine  mpd,  on  which  other 
layers  of  trees  are  deposited  the  year  following,  nntil  nnmeroua  aliemationa 
of  earthy  and  vegetable  matter  are  aecnmulated* 

Mirnaiion  of  Deposits. — An  observation  of  Darby,  io  regard  to  the 
ftiata  eom posing  part  of  thia  delta,  deaervca  attention.  In  the  aleep  bankf 
of  the  Aifihafalaya,  an  arm  of-  the  Mlaataalppi  before  alladed  to  in  our 
deaeription  of  **tbe  raft,**  the  following  aection  ia  obaervable  at  low 

•  ChaptiT  TI. 

f  Captain  Hftll'a  Txarels  in  North  America,  vol.  iii.  p.  338.— S««  aito  anl*.  p.  13^ 
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water: — first,  an  upper  stratimit  coRsi^tiiig  invariably  of  bluifh  clay, 
common  lo  the  banks  of  ihe  Mississippi ;  below  this  u  stratum  of  red  ochre- 
ous  earili,  peculiar  to  Keil  River,  uiuler  which  ilie  biuti  clay  of  the  Mis- 
sissippi ii^iiiii  appears  ;  and  tlils  arrangement  is  t'onslanl,  proving,  sis  lliat 
geograplier  remarks,  that  Uie  waters  of  the  Mississippi  and  the  Red  "River 
occujueJ  aliernaiclv,  at  some  former  period:",  considerable  tracts  behnv 
iheir  prcaeat  point  of  union.*  Such  alieraations  are  probably  couimon  in 
submarine  spaces  situated  between  two  converging  deltas}  for,  befoia 
ika  two  rivers  unite,  there  must  almost  always  be  a  certain  period  wlien 
n  lotennediate  tract  will  by  turn  be  occupied  and  abandoned  by  the 
waters  of  each  stream ;  sioee  it  can  meiy  happen  that  Ibe  season  of 
higfaeat  flood  will  precisely  eorreepond  in  ttch.  In  the  eaee  of  the  Red 
River  nml  Mieiiieippiff  vhieh  carry  off  the  waters  from  coontriee  placed 
nnder  widely  dietint  letimdea,  an  eiaet  coineidenee  in  the  tine  of  f  reaiett 
Minnilelioo  is  t ery  tmpiobaUe. 

OONCLUDINO  nXMAKKi  ON  DlLTaC. 

QumHty  of  aedimeiif  In  river  leofer.— *Veiy  lew  eatiefaetory  experi« 
neiits  have  as  yet  been  made,  to  enable  ue  lo  determine,  with  any  degree 
of  accuracy,  tlie  mean  quantity  of  earthy  matter  discharged  annually  into 
the  5ea  by  ^^ome  one  of  the  principal  rivers  of  the  earth.  Harfsoeker 
computed  the  Rhine  lo  contain  in  suspension,  whea  most  floodt d,  one 
pari  in  a  hundred  of  mud  in  volume  ;t  bnt  it  appears  from  two  sets  of 
expennienls,  recently  made  by  Mr.  Leonard  Horner,  at  Bonn,  tiiat 
ff^j^ifih  wouh!  have  been  a  nearer  approximntion  lo  tlie  truth4  ^ir 
George  Stannton  inferred  from  several  obj^ervaUons,  that  the  water  of  the 
Yellow  River  in  China,  contained  earthy  matter  in  tiie  proportion  of  one 
part  to  two  hundred,  and  he  calculated  that  it  brought  down  in  a  single 
hour  two  million  cubic  feet  of  earth,  or  forty-eiglit  million  daily ;  so  that, 
if  the  Yellow  Sea  be  taken  to  be  VIO  feet  deep*  it  would  require  seventy 
daya  for  the  river  to  convert  an  English  square  mile  into  firm  land,  and 
S4,0(KI  years  lo  torn  the  whole  sea  into  terra  firma«  assuming  it  to  be 
129t000  aqoare  milee  in  area.$  Manfredi,  the  celebrated  Italian  hydro- 
giapber,  conceived  the  average  proportion  of  sediment  in  alt  the  running 
Waier  on  the  globe,  which  reached  the  sea,  to  be  fly,  and  he  imagined 
that  It  would  reqnire  1000  years  for  the  sediment  carried  down  lo 
ralae  the  general  level  of  the  sea  about  one  foot  Some  writers,  on  the 
eoDtrary,  as  De  Maillet,  have  declared  the  moet  tuihid  waters  to  contain 
fhr  less  sediment.  One  of  the  most  extraordinary  statements  is  that  of 
Major  Sennell,  in  his  excellent  paper,  before  referred  to,  on  the  delta  of 

*  Darbj's  Louisiana,  p.  103.  t  ComswnL  Boaon.,  vol.  ii.  part  i.  p.  9SCT, 

t  Edin.  New  Phil.  Jonro.,  Jan.  1835. 

i  StaotttoD's  Embastj  to  China,  Lond.  1797, 4to.  vol.  ii.  p.  i(M. 
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the  Gmgei.  •*  A  glagf  of  wtlir/*  he  saje,  tahen  eat  of  Ibie  fiver  whae 
mt  its  height,  yielde  about  one  pert  in  foar  of  mnd.  No  wonder»  theot** 
he  addty  that  the  eabeiding  waten  ehoold  qnlckl^r  form  a  etntom  flf 
eartti,  or  that  the  delta  ehoold  eooRNMfa  on  Ae  eea!*** 

There  must  oertainly  be  some  mistake,  perhaps  a  misprint,  in  Htm 
statement  in  the  Phil.  Trans.;  and  some  have  conjectured  that  the  learned 

hytlrographer  meant  one  part  in  four  huiuliccl  of  mud.  In  former  editiont 
of  this  work,  I  expressed  my  regret  that  so  much  inconsistency  and  con- 
tradiction sliould  lu^  foniiii  in  the  statements  and  speculaHuns  relative  to 
this  interesting  subject ;  and  I  endeavoured  to  pomi  out  the  high  geologi- 
cal iriii)urlancc  of  reducing  to  arithmetical  coiupulaiion  the  airgregate 
amount  of  solid  matter  iran^pot  ied  by  certain  large  rivers  to  \\\v  >c:\.  The 
deficiency  of  data  has  now  been,  in  some  degree,  removed  by  the  ladonrs 
of  the  Kev.  Mr.  Everest,  who  h;;s  instituted  a  series  of  observations  "On 
the  earthy  matter  brought  down  by  the  Ganges'*  at  Gbaaipttr*  above 
Calcutta.! 

>  The  fifsl  step  to  be  made  in  all  aneh  calculations  is  to  ascertain  the 
average  volume  of  water  passing  annually  down  the  channel  of  a  river. 
Thie  might  easily  be  aeeomplisiied  if  the  breadth«  depth*  and  ▼eloci^  ef 
a  stream  were  eonetant  and  uniform  throughout  the  year ;  but  at  ell  these 
eonditiona  are  liable  to  vary  according  lo  the  eeaeoni»  the  problem  be- 
eomee  extremely  complex.  In  the  Gangeoi  ee  in  other  livere  in  hoi  di> 
•males,  there  are  periodieel  inondatlone,  during  which  by  far  tlie  grealeit 
part  of  die  aanwd  dieeharge  takee  plaee;  and  the  meet  important  pohrtt 
thereforr,  to  delermine,  ie  the  mean  hieadlht  deptli,  and  veloeity  of  ifce 
•tream  daring  thie  period. 

Mr.  Evereet  fonnd  that,  in  1891,  the  nnmher  of  enliie  feet  of  water  dit» 
charged  by  the  Ganges  per  eeeond  wee,  doring  the 

Rains,  (4  monihs)   494,208 

Winter,  (5  months)  71,200 

Hot  weather,  (3  months)     ....  36,330 

ao  thai  we  may  state  in  round  numbeie,  that  fiOO,000  enbie  Ibet  ilow 
down  during  the  four  months  of  the  flood  eeaeont  from  Jnne  to  Septem- 
ber, and  only  100,000  doring  the  remaining  eight  monlhe. 

Having  obtained  the  volome  of  water,  we  have  next  lo  inquire  what  ii 
the  proportion  of  solid  matter  ^contained  in  it;  and  for  thu  porpoeota 
definite  quantity,  as,  for  example,  a  quart  is  taken  from  the  river  on  dit 
ferent  days,  sometimee  from  the  middle  of  the  eorrent,  and  sometimes 
nearer  the  banks.  This  water  is  then  evaporated,  the  solid  residuum 
weighed,  and  the  mean  quantity  of  sediment  thus  ascertained,  Uiroughout 

•  Pba.  TVsBS.  1781. 

t  JottiB.  of  Asistie  8<m.,No«  6.  p.  986,  Jane,  18911,  Bse  alas  Mr.  Priassp,Glsan* 
logs  la  Bsieaoe,  voL  HL  p.  160. 
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iiie  rainy  mmh*  TIm  naie  obtemlbiit  miwt  theD  be  repeated  for  the 
other  porttooe  of  the  year. 

In  eompatiiig  the  quantity  of  water,  Mr.  Everest  made  no  allowance 

for  the  decreased  Telocity  of  the  slream  near  the  bottom,  presuming  thai 
It  18  compensated  by  the  increased  weiglu  uf  matter  held  in  suspension 
there.  Probably  the  amount  of  sediment  is  by  no  means  exaggerated  by 
this  circumstance  ;  but  rather  underrated,  as  the  heavier  grains  of  sand, 
wiach  can  never  rise  into  the  higher  parte  of  the  stream,  are  drifted  along 
the  boilom. 

Now  the  average  quantity  of  solid  matter  suspended  in  the  water 
during  the  rains  was,  by  weight,  ^^jth  pari;  butiitas  the  water  is  about 
one  half  tlie  specific  gravity  of  the  dried  niiidt  the  solid  matter  diacharged 
is  7 f^tb  part  in  bulk,  or  577  cubic  feet  per  second.  This  gives  a  total 
of  6,082t041,600  cubic  feet  for  the  dieeharge  in  the  122  days  of  the  raio. 
The  proportion  of  sediment  in  the  waters  at  other  seasoiia  was  compara- 
UveLy  ineignifiesnty  the  total  amount  during  the  fire  winter  months  being 
only  947»68 1,600  enbie  feet,  and  during  the  three  months  of  hot  weather, 
38,154,240  enbie  feet.  The  total  annual  discharge,  then,  wonld  be 
M68,077,440  enbie  feet. 

In  order  to  gire  some  idea  of  ihe  magniCnde  of  this  result,  we  will 
assume  that  the  specific  gravity  of  the  dried  mod  is  only  one-half  that  of 
granite  (it  woold,  howerer,  be  more];  in  that  ease,  the  earthy  matter  dis- 
ehargod  In  a  year  would  equal  8,184,038,720  eubie  feet  of  granite.  Now 
about  121  cubic  feet  of  granite  weigh  one  ton  ;  and  it  is  computed  that 
the  great  Pyramid  of  Egypt,  if  it  were  a  solid  mass  of  granite,  would 
weigh  aliout  8,000,000  tons.  The  mass  of  mailer,  liierefore,  carried 
down  anijunlly,  would,  according  to  this  estimate,  more  than  equal  in 
we  ight  and  bulk  forty-two  of  the  great  pyramids  of  Egypt,  and  lliat  borne 
down  ill  ihe  four  months  of  the  rains  would  equal  forty  pyramids.  But 
if,  without  any  conjecture  as  lu  what  may  have  been  ihe  specific  gravity 
•  of  the  mud,  we  attend  merely  to  the  weight  of  sulid  matter  actually 
proved  by  Mr.  Everest  to  have  been  contained  in  liie  water,  we  find  that 
the  number  of  tons  wei<rhi  which  passed  down  in  the  122  days  of  the 
rainy  eeason  was  339,413,700,  which  would  give  the  weight  of  filiy-six 
pyramids  and  a  half ;  and  in  the  whole  year  856»801,4d4  ions,  or  nearly 
the  weight  of  sixty  pyramids. 

The  base  of  the  great  Pyramid  of  Egypt  eovers  eleven  aeres,  and  its 
perpendieolar  height  is  about  live  hundred  feet.  It  is  seareely  possiUe 
to  present  any  picture  to  the  mind  which  will  convey  an  adequate  con- 
ception of  the  mighty  scale  of  this  operation,  so  tranquilly  and  almost 
insensibly  carried  on  by  the  Ganges,  as  it  glides  through  iu  alluvial 
plain.  It  may,  however,  be  stated,  that  if  a  fleet  of  more  than  eighty 
lodiamen,  each  freighted  with  about  1400  tons  weight  of  mud,  were  to 
sail  down  the  river  every  hour  of  every  day  and  night  for  four  months 
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continuous]}^,  they  would  only  transport  from  the  higher  country  to 
scpi  a  mass  of  solid  m  ;^iier  equal  to  ihaL  bunit  down  bjr  the  Ganges  in  the 
flood  season.  Or  the  exertions  of  a  fleet  of  about  2000  such  ships  going 
down  daily  with  the  same  burden,  and  discharging  it  into  the  guH,  would 
be  no  ninrp  ihan  equivalent  to  the  operations  of  the  q^reat  river.  Yet,  ia 
addition  tu  tfus,  it  is  prnhable  that  the  BurrampoolCT  conveys  amiuaUj 
as  much  solid  matter  to  tlie  sea  as  the  Ganges. 

The  most  Toluminous  current  of  lava  which  has  flowed  from  Etna 
within  historical  tiroes  was  that  of  1669.  Ferrara,  after  correctiog 
BoreiU*s  estimate,  cnlculated  the  quantity  of  cubic  yards  of  Itta  in  this 
current  at  140tO(H),Oii.  Now,  this  would  not  equal  in  bulk  one  fifth  of 
the  sediOltfBtary  miitter  which  is  carried  down  in  a  single  year  by  the 
OtngVft  aeeordinf  to  the  estimate  above  oxplalnedi  to  that  tl  imid 
reqaire  lite  gnnd  mptione  of  Etna  to  trainfer  » ibikt  of  Isfi  ftom  the 
•ttbtorftneui  regiont  to  the  farfteot  equal  Id  voltiiDe  to  the  mod  eenied 
down  to  the  eei  In  one  yeer  by  a  aingle  Hter  in  Bengal. 

Grouping  <f  Slnta  tM  /Mot.— The  changes  which  have  taken  phea 
it  deltas,  even  aince  the  tinea  of  hutory,  may  suggest  many  iro|iorlant 
eonaidefationa  in  rqgatd  to  the  manner  in  whleh  anbaqoeona  eedimnt 
ia  diatribnled.  If otwithatadding  freqnent  exeeptlona,  ariiing  from  the  In* 
terfeienee  of  m  variety  of  eanaae,  there  are  aome  genetal  lawa  of  arrange* 
ment,  which  moat  evidently  hold  good  in  almost  all  the  lakea  and  aeai 
now  filling  up.  If  a  lake,  for  example,  be  encircled  on  two  aides  by 
lofty  mountains,  receiving  from  them  many  rivers  and  torrenu*  of  diflerent 
sizes,  and  if  it  be  bounded  on  the  other  sides,  where  the  surplus  waters 
issue,  by  a  comparatively  low  country,  it  is  not  difhcuU  to  define  some  of 
the  leading  geological  features  which  must  characterize  the  lacustrine  Tor- 
maiion,  w  hen  this  ba?in  shall  have  been  crradually  converted  into  dry  land 
by  the  influx  of  sediment.  The  strata  would  be  divisible  into  two  prin« 
cipnl  iiroups:  the  o/der  comprising  ihope  de^io.sit."  which  originnied  ofl 
the  si  If  adjoining  the  mountains,  where  numerous  deltas  fir?t  bpL^^nn  to 
form  ;  and  the  newer  group  consisiing  of  beds  (leposiled  in  the  more  cen- 
tral parts  of  the  hnsin,  and  towar<!s  tho  side  farthest  from  the  mountains. 
The  following  characters  would  form  the  principal  marks  of  disunctton 
between  the  strata  in  each  series.  Tlte  more  ancient  system  would  be 
composed,  for  the  most  part,  of  coarser  materials,  eontaining  many  beds 
of  pebbles  and  sand,  often  of  great  thickness,  and  sometimes  dipping  at  a 
oonsiderabie  angle.  These,  with  aasociated  beds  of  finer  ingredienti, 
wooldf  if  traced  round  tlie  borders  of  the  basin,  be  seen  to  vuy  greatlj 
in  colour  and  mineral  compoaitlon,  and  wouUi  also  be  very  irragolar  la 
thickness.  The  beds*  on  the  contrary,  in  the  newer  groop,  would  eon* 
sist  of  finer  partielaat  and  woaM  be  horltontal,  or  veiy  alightly  Indined. 
Their  eoUwr  and  mineiai  eompoaliioa  wmU  be  veiy  homefMMnai 
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throughont  laigt  uMt  and  wmilil  4iQnr  |5mn  pIpiostaU  the  |jip9|yi^^ed0 
in  the  older  wriet. 

The  folloviof  eraM  wodd  prgdnee  tbe  diveiw^  heie  dln<|«4  be» 
twecii  ibe  Vwfi  greet  membeie  of  eucli  laeoelrine  lbniiatioii|i^---\Tl>w  the' 
riven  ind  ionenle  fiift  reach  the  edge  of  the  lakje»  the  df iritut  washed 
down  by  them  from  the  adjoining  heights  sinks  at  once  into  deep  watert 
all  the  heavier  pebbles  and  sand  subsiding  near  ihe  shore.  The  £ner  nmd 
is  earned  somewhat  fariUer  uui,  butiiui  to  ihc  UifcLauce  of  many  mileSf  lur 
the  greater  part  may  be  seen,  as,  for  exa/nple,  where  the  Rlione  enters  the 
I^ke  of  Geneva,  to  fall  down  in  clouds  to  the  botlora,  not  far  from  llie  river*s 
inouiii.  Titus  alluvial  tracts  are  soon  formed  at  the  mouths  of  every  tor- 
rent and  river,  and  many  of  liiese  in  ihe  course  of  ages  become  of  con- 
siderable extent.  Pebbles  and  snnd  are  ilicii  tr-anspnrtct!  forilicr  fiom  the 
mountains  ;  but  in  their  passage  tiiey  decrease  m  size  by  aitriiion,  and  are 
in  part  converted  into  mud  and  sand.  At  length  some  of  the  numeroufi 
deltas,  wliich  are  all  directed  towards  a  cQamon  centre*  approach 
each  other — those  of  adjoining  torrents  become  united,  end  eeehie  merged, 
ia  its  turn,  ia  the  delta  of  the  largest  river«  which  edrenoee  OMiJ^  iwpidlf 
into  the  lake,  and  renders  all  the  minor  ilceams,  one  after  the  other,  itp 
trihsurieei  The  ?iurioiit  mineral  iogfedients  of  all  aie  thye  blended 
gether  into  one  honu^neoui  miiUue«  end  the  aedimeat  ie  popmd  i^it 
fiom  e  common  chenael  into  the  lofce» 

Ae  the  tTemge  eize  of  the  tnaeported  pertadee  deevfeeea*  while  the 
fiwea  and  volnme  of  the  ennent  avgmenlet  the  newer  depeelta  eie  dlfuse^ 
eentinoall^  ow  a  wider  aree,  end  aie  eoaaequcntly  mora  horisonial  thap  • 
the  older.  When  at  firat  there  wera  many  independent  deltae  pear  thf 
boidem  of  the  baain*  their  eepeiale  depeeile  diiSued  eatiieljr  fimi^  eectt 
other ;  one  may  hafe  been  charged,  like  the  Arte  where  It  joine  t|if 
Rhone,  with  white  sand,  and  sediment  deriTcd  fiom  granitC'^-eDothttr 
may  have  been  black,  like  many  streams  in  the  Tyrol,  flowing  from  th^ 
waste  of  decomposing  rocks  of  dark  slate^a  third  may  have  been  colour- 
ed by  ociirt'uus  sediment,  likt-  liie  Red  River  in  Louu^iana — a  fourih,  like 
the  Lisa  in  Tuscany,  may  iiavc  held  mucli  criiliaaale  oi'  lime  in  soluliun. 
At  first  ihty  would  each  form  disuaci  dtpoeiia  of  sand,  gravel,  limestone, 
marl,  or  oilier  materials;  but  after  their  junction  new  chemical  conibuia- 
tions  and  a  distinct  colour  would  be  tlie  rc  suit,  and  the  particles  having 
been  conveyed  ten,  twenty,  or  a  greater  number  of  milef  over  alluvial 
plains,  would  become  finer. 

In  deltas  where  the  causes  are  more  complicated,  and  where  tides  and 
currents  partially  interfere,  the  above  description  would  only  be  appiica^ 
Ue,  with  certain  modifications  ;  but  if  a  series  of  earthquakes  accompaoj 
the  growth  of  a  delta,  and  change  the  levela  of  the  land  from  time  to  time^ 
aa  in  the  region  wtiere  the  Indue  now  entera  the  aea,  and  oiherahereafier 
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to  Im  nenlioned,  the  pbenomenA  will  then  deptrt  ttill  more  widely  from 

dM  ofdintry  type. 

Omvergmee  ^  /MTof If     poMeMed  an  seeorEte  «ttrlc«  of  maps  of 
the  Adriatic  formaAy  thouMiid  years,  onr  fetrospeciwoold,  without  doubt, 
carry  us  gradually  teckto  the  time  when  the  number  of  rifeis  deseeBding 
from  the  mountains  into  that  gulf  by  independent  deltas  wan  far  greater 
in  number.  Ttie  deltas  of  the  Po  and  the  Adige,  for  instance,  would  eepa- 
rate  themselves  within  the  rtcent  era,  as,  in  all  probability,  woold  tboie 
of  the  Isonzo  and  the  Torre.    If,  oa  the  other  hand,  we  speealate  on  fn* 
lure  changes,  we  may  aalicipaie  the  period  when  the  number  of  deltas 
will  grnaily  diminish;  for  the  Po  cannot  coruinue  to  encroach  at  the  rale 
of  a  mile  in  a  hundred  years,  and  other  rivere  to  gain  as  much  in  six  or 
seven  ceninn*  s  upon  the  shnllow  gulf,  without  new  junciioiis  occiirruig 
from  time  to  time,  so  lliat  Eridanus,  "  the  king  of  rivers,"  will  continually 
boast  a  greater  number  of  tributaries.    The  Ganges  :hu1  the  Burrampoo- 
tor,  have  probably  become  confluent  within  the  liistonoai  era  :  and  flie 
date  of  the  junction  of  the  Red  River  and  the  Mississippi  would,  in  all 
likelihood,  have  been  known  if  America  had  not  been  so  recently  discov- 
ered. The  onion  of  the  Tigris  and  the  Euphrates  most  undoubtedly  have 
been  one  of  the  modem  geographical  ehanges  on  our  earth,  and  wim%\u 
remarks  might  be  extonded  to  many  other  regions* 

When  the  deltas  of  riverst  having  many  months,  converge,  a  partial 
union  at  firat  tekee  place  by  the  coofloenee  of  some  one  or  more  of  their 
arma ;  but  it  is  not  until  the  main  trunks  are  eonneeled  above  the  head  of 
*  the  common  delta,  that  a  complete  intormiztnre  of  their  joint  watora  and 
aediment  takes  place.  The  union,  therefore,  of  the  Po  and  Adige,  and 
of  the  Gan^s  and  Borrempooter,  is  still  incompleto.  If  we  reflect  on 
the  geographical  extent  of  surface  drained  by  rivers  such  as  now  enter  the 
Bay  of  Bengal,  and  then  consider  how  complete  the  blending  together  of 
the  prreater  part  df  their  transported  matter  has  already  become,  and 
throughout  how  vast  a  delta  it  is  spread  by  numerous  anus,  we  no  longer 
feel  so  miu  li  surprise  at  the  area  occupied  by  some  ancient  fornialions  of 
homngt  lit  f)us  mineral  composition  Hut  our  surprise  will  be  siiii  lurther 
lessc  red  wliLMi  \\t  afterwards  inquire  into  the  action  of  tides  andcurreDii 
in  disseminating  sediment.* 

Formation  of  C<mglomerates.'-~A\ong  the  base  of  tlie  Maritime  Alps, 
between  Toulon  and  Genoa,  the  rivers,  with  few  exceptions,  are  now 
forming  strata  of  conglomerate  and  sand.  Their  channels  are  often  sere- 
ral  miles  in  breadtli,  some  of  them  being  dry,  and  the  rest  easily  forded 
for  nearly  eight  months  in  the  year,  whereas  during  the  melting  of  tbs 
snow  they  are  swollen,  and  a  great  transportation  of  mod  and  pebbles  iskes 
•  place.  In  order  to  keep  open  the  main  road  from  France  to  Italy,  noi^e>'^ 

*  See  Chap.  viii. 
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iM  mkng  lb*  in  ttmU  Ukiwoanyta  Move  «imi^giMila«Miif 
■hlntfahfonghtdDwndiiiwf  theflpod  tiitoii.  Aponi«i«ftiMp«Utoan 
■MB  is  MBM  loetlitiM^  w  Mw  Niee^  to  lira  bsdt  of  aiu^^ 
but  the  ivmatr  pari  tto  ivopt  into  ft  doap  wt.  TiioaBaUprogreat  Bodo 
by  Uio dtllM  of  BiiMriifm  on  lUi oomI Bood  aol wupfwo  at, when  wo 
feeoUoet  that  ilioio  ia  MAetUMS  a  depih  of  two  ihoosand  feet  at  a  few 
luuidrod  yarda  from  the  beach,  aa  near  Nice.  Similar  observaiions  migiu 
be  made  respecting  a  large  proportion  of  ilic  rivers  in  Sicily,  iiiid,  among 
oiliers,  I  L'speciiug  Uial  wliich,  immediately  norih  of  liie  port  of  Mcsaina, 
hurries  aimually  vast  inassf^b  of  grainlic  pebbles  into  the  sea. 

Causes  of  Stratification  in  />)e//a«.— Thai  ihc  matter  carried  4>y  rivera 
into  seas  and  lakes  i^  not  thrown  in  ronfugrd  and  promiacuoua  heaps,  but 
is  spread  out  far  nnd  wide  along  the  houooi,  is  well  ascertained;  and  that 
il  must  for  the  most  part  be  divided  into  distinct  strata,  may  in  pan  be  in- 
ferred where  it  cannot  be  proved  by  observation.  The  horizontal 
arrangement  of  the  atrala»  when  laid  open  to  the  depth  of  twenty  or  thirty 
feet  in  the  ddUaa  of  iho  Qoo|«a»  Indoa,  and  Miaaiaaippi,  ia  aUuded  lo  "by 
■Maj  vriiaio  9  aad  the  same  diapoaitte  io  wfU  knowo  lo  qbUio  in  all 
■odern  depoaita  of  lakoa  aad  oatoiriea. 

Naloni  dif  isiona  are  often  occasioned  by  tho  iBtoml  of  time  which 
oepomaa  annually  iho  dapoaiiioo  of  matter  during  the  pariodioal  niiii«  or 
wailiBf  of  the  aoow  «po»  the  SMMiiitaina.  The  depoeil  of  aech  year  any 
■ofiia  eone  dogioa  of  oooaiataooy  halbco  thai  of  tho  aoocoading  yaar  io 
oopofiipoaed.  ▲  vaiio^  of  ciionBataiiMa  alao  give  riao  aoouaUy*  or 
aoBaotiMaa  Aoaa  daj  to  day,  lo  aiif  hi  Tartadoiia  io  ooloor»  BnoDaae  of  Iho 
poniflloa»  Old  otiier  ohaioMtorat  bj  which  altoraatioBa  of  aliala  diatioet  in 
tnlwo*  and  mlooial  ingredienla»  moal  bo  prodooad.  Thuot  Ibr  oxamploi 
el  one  period  of  Iho  yearly  drift  wood  owy  bo  eanied  dowh*  and  at  ano- 
ther mody  aa  waa  befino  alatad  to  be  tho  caaa  in  the  delta  of  tbo  Miaaia- 
aippi ;  or  at  one  linM»  when  the  fohivo  and  Telocity  of  Ihe  atraara  ara 
greatest,  pebUea  and  aand  BMy  be  apraad  over  a  eertun  araa,  oiar  whieh» 
when  the  waters  are  low,  fine  matter  or  chemical  preeipitatea  ara  formed. 
During  inundations,  the  current  of  fresh  water  often  repels  the  sea  for 
many  miles ;  but  when  the  river  is  low,  salt  water  again  occupies  the 
same  apace.  When  two  deltas  are  cuiivcfgiii<;,  the  intermediate  spuce  is 
ofieru  for  reasons  before  explained,  alternately  the  recepiarle  of  ditTerent 
sediments  derived  from  the  converging  streams.  The  one  is,  perhaps, 
charj^ed  with  calcareous,  the  other  with  nrfjilhiccous  matter ;  or  one  sweeps 
down  sand  and  pebbles,  the  other  impidjiaide  mud.  Thes^e  ditrerenees 
may  be  repeated,  with  considerable  rei^idaniy,  until  n  thickness  of  hun- 
dreds of  feet  of  alternating  beds  is  accumulated.  The  multiplication,  also, 
of  abeUa  and  ooials  in  pariicBlar  apots,  must  give  rise  occasionally  to  linca 
of  aeparation,  «id  dirido  e  maaa  which  anight  olhorwiae  be  homogano- 
OM  into  dialinci  attata> 
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MB  ixBmmiiian  of  ihc  shell  marl  now  forming  in  the  Scotch  lakes,  or 
tWi  iefdiment  termed  *'  warp,"  which  subsides  from  the  muddy  water  of 
the  Humbcr,  and  other  rivers,  shows  thai  recent  deposits  are  often  compos- 
ed of  a  grenl  nnmber  of  extremely  thin  layers,  either  even  or  slightly  undu- 
lating^, and  preserving  a  general  parallelism  to  the  planes  of  stratitication. 
8bmetime9,  however,  thelaminc  in  modem  strata  are  disposed  diagonally 
St  a  coniiUef«bto  angUt  whicli  Appears  to  lake  place  where  there  are  con- 
H^ng  movements  in  the  waters.    In  January,  1  vicilod,  in  com- 

pany whh  Frolisaor  L.  A.  Necker,  of  Geoevat  the  conlloenee  of  the 
Rhone  and  Arro,  when  those  rif  era  i^ere  very  low,  and  were  eattkig  ehan> 
nda  tfaroMgh  the  ?ai(  heap*  of  dehrii  thftfwn  down  from  the  wateis  of  the 
Ar? e«  itt  the  preeeding  eprieg.  One  of  the  itnd-bluiks  which  had  foraed^ 
in  the  spriirg  of  1628,  where  the  eppottiog  eeneMt  of  the  t#o  rivere  neiH 
trained  eaeh  odier,  end  earned  a  reterdatioD  hi  die  mothMit  had  heen  mi- 
dermhied:  and  the  folhiwing  la  ta  ezaet  tepieseiititioii  of  the  errange- 
ment  of  lamhi»  exposed  in  a  teitieal  aeetietf.  The  langA  ef  the  ponio* 
here  seen  it  abont  twette  feet,  and  the  height  ftte.  The  itimta  a  a  een- 
diat  of  Iftegular  aitematione  of  pebbles  and  aand  in  endolaling  beda :  lie- 
low  these  are  seams  of  very  fine  sand  b  b,  some  as  thin  as  paper,  others 
abont  a  quarter  of  an  inch  thick.  The  strata  c  c  are  composed  of  layers 
of  fine  greenish-gray  sand,  as  thin  as  paper.  Some  of  the  inclined  beds 
will  be  seen  to  be  thicker  at  their  upper,  others  at  their  lower  extremity, 
ihe  inclination  of  some  being  very  considerable.  These  layers  must 
have  accumulated  one  on  the  other  by  lateral  apposition,  probably  when 
one  of  the  rivers  was  very  gradually  increasing  or  diminishing  in  velocity, 
so  that  the  point  of  greatest  retardation  caused  by  their  conflicting  cor- 
rents  shii^  slowly,  allowing  the  sediment  to  be  thrown  down  in  success- 
ive layefS  on  a  sloping  bank.  The  sam^  phenomenon  is  exhibited  in 
older  strata  of  all  ages ;  and  when  they  aie  treated  of,  I  sbaU  endeavoiir 
iihbre  folly  to  illustrate  the  origin  of  sneh  e  stmetore. 


Constant  intcTchang;c  of  land  and  sea. — I  may  here  conclude  my  re- 
marks on  deltas,  observing  that,  imperfect  av  is  our  iuformaiioo  of  the 
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changes  which  ihey  have  undergone  within  the  last  3000  years,  they  are 
BtiiTiciem  to  show  how  constant  an  inter<*haTi?e  of  sea  and  land  is  taking 
place  on  the  face  of  our  globe.    Iti  ihc  Mcdiicrrrmenn  alone,  mnny  flour- 
ialiino-  inland  towns,  and  a  still  g;r('ater  miinher  of  ports,  now  stuni.!  where 
tlie  er;i  roiled  its  waves  since  ihe  era  of  ihe  early  civiliznlion  nf  Europe. 
If  we  Ciiald  compare  u  iih  e(jual  accuracy  liie  ancient  and  actual  state  of 
all  the  islands  and  couuiienu,  we  should  probably  discover  that  millions 
of  our  race  are  now  supported  by  lands  sitoated  where  deep  taae  pre- 
vailed in  earlier  i^fee.   Iti  may  distriett  mot  jH  OMpied  by  man,  land 
— iwb  tad  forests  now  abound  where  ildpt  onee  eaiM,  and  oa 
oilier iwad*  we  shall  find,  on  ioqnirjy  that  inroads  «f  tha  oeean  have  been 
wo  leae  eonsideraUa*  When  to  A«ee  lerolailaDa,  prodaeed  by  aqueous 
e«qaai,  ve  add  aaaUigow  dbeogae  wroogbt  by  fgneoiie  afaney*  we  shall, 
peilMpa,  aebnoiMge  die  jaaflee  ef  Ae  eeateiott  of  Irieiaileb  who  de- 
lta tbe  wbele^  IimI  «id  iii  ett  ear  c)oba  peiiedieriiy  iblwgf  d 


€HAPTEB  YU 
Mnmayme  mm9  mvaHnEmco  smcm  or  tdbi  ajkp  evmste« 

Diftrsaeesfia  tlw  rise  of  the  tides^ReaasB's  AMoaatef  the  Tafnllsi  sad  Onlf  eof 

ICDti— Velocity  of  currents— Causes  of  carrent^^Aetlon  of  the  sea  on  the  Britiill 
coMt  (p.  244.)— Shetland  Islands — Large  blocks  remored — Effects  of  lightning— 
Me*  reducfd  to  cluBters  of  rocks — Orkney  Isles—East  coast  of  9c<rtland  (p.  249  > 
—East coast  of  Encrknd — \Va«te  of  the  clitia  of  lloWernfSf!,  Norfolk,  and  SutToik 
—Silling  up  of  estuorxes  254.)— Origin  of  subumime  iorestA —  k'armoutii  eatuAxy 
«-8ttflblk  eowt-^Daavieli  (p.  956.)— Esms  edart— Xstaaiy  .ti  the  Throei 
Goodwia  8andH-Coaat  of  Kent— fWrnafioa  of  Strahs  of  DofSr  (p.  W.>— Sooth 
eaast  of  England— Sussex— HaAt»—ltofSSi—Yovtfaa4-4MgSA  of  tha  ObssO  Bttk 


AunonoB  the  movementa  of  gieat  bodies  of  water,  termed  tidee  eod  oor> 
rents,  are  in  geneiel  dae  to  veij  dlatinet  eeasea,  their  effseta  eaniiel  be 
eiadied  aepaiatoly-;  Ihr  they  ptDdiiea«  by  their  joint  aetion,  thoae  ehangee 
vfaieh  eve  eltjeeie  of  feolofieel  UiMreaL  Tbeee  foicea  may  be  viewed 
in  tlM  eaoM  meaner  aa  we  befiwa  eoneideied  riven*  fiietv  ee  employed  in 

*  ioo  Mis,  Book  i.  p.  ae. 
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iliitrnjim;  portinm  of  iht  mliil  nwif  of  tlm  iwrthj  ■imI  waofi^  rtiow  in 
other  ptaees ;  teeondlyt  tt  lapiodiieilve  of  new  ttiifa. 

TUSev.— It  woold  bo  rapcrflnoiif  it  iho  pwMot  dqr  to  olbr  oay  fo> 
nuiu  on  tho  oaiMe  of  tlw  tidoi*  Th^  uo  boI  pirrrnrtiMt  in  likoo,  or  io 
iDOti  ialtnd  mtm;  in  tho  IMitafiMMto  ofOH  deep  ood  oslenttfo  ao  ii 
that  MO,  thaf  are  eeaicely  aeoaiUo  to  ordioaiy  obaetiotioBy  thoir  oflbdi 
behig  quite  subordinate  to  thoae  of  Ike  winda  a'bd  carrtata.  la  ooaaa 
places,  however,  as  in  the  Straits  of  Messina,  there  is  an  ebb  and  flow  la 
the  amount  of  two  feel  and  upwards ;  at  Naples  and  at  the  Eiiripus,  of 
twelve  or  thitlecii  inches;  and  ai  \'enicc,  according  to  lifiinell,  of  u^e 
ftut.*  In  the  SyrlL's,  aUu,  ot  ihe  ancieula,  two  wulc  shallow  gulfs  u  Incfi 
penetrate  very  far  within  the  northern  coast  of  Africa*  between  CarLhage 
and  Cyrenc,  the  rise  is  said  to  exceed  five  feet.t 

In  islands  reraote  from  anv  coniinciit,  ilie  ebb  and  flow  of  the  ocean  is 
very  slig-ht,  ns  at  iSt.  lielena,  fcjr  e\ain|)le,  where  it  i?  rarely  above  three 
feet.:|:  in  any  given  line  of  coast,  the  tides  are  greatest  in  narrow  chan* 
Dels,  bays,  and  estuaries,  and  least  in  the  intervening  tracts  where  the 
land  is  prominent.  Thus,  at  the  entrance  of  the  estuary  of  the  Thamea 
and  Medwmy,  tho  riee  of  the  epring  tides  is  eighteen  feet ;  but  when  we 
follow  our  eaatem  oeaet  from  thence  northward,  towarda  Loweati^  aid 
Yarmouth,  we  find  a  gradual  diminution,  until,  at  the  places  laat  meo* 
tioned,  the  highest  rise  ia  only  aefon  or  eight  feet.  From  thie  poiol  there 
begine  again  to  be  en  ineroaaoi  ao  that  at  Cn»aert  wheio  the  ooael  i(pin 
mine  towarda  the  waet»  tho  liao  ie  rizteen  leet{  and  toMde  tho  ox* 
ifOBiitjr  of  the  golf  ealled  tho  Waah,*'  at  at  Lynn  and  in  Boeton  doepi» 
it  ia  iioin  twonty-two  to  twenty-lbor  Ihet,  and  in  aono  oitraordtnary  eaiaa 
twonly«eix  thet*  FVon  tbeneo  again  there  b  a  decraaao  towaide  tho  northt 
the  oleration  at  tho  Spam  Point  being  fnmi  ninelaen  to  twenty  &et|  and 
at  Flambofoogh  Head  and  the  Toikahire  ooaat  from  fonrteen  to  ilztean 
feet{ 

At  Milfbrd  Haten  in  Pembrokeshire,  at  the  mouth  of  tlie  Bristol  Chaa- 
nd,  the  tidee  riae  thirty-six  feet;  and  at  King-Road  near  Bristol,  forty- 
two  feeL  At  Chepstow  on  the  Wye,  a  sinnll  river  which  opens  mio  the 
,  estuary  of  the  Severn,  they  reach  hfty  feet,  and  sometimes  sixty-uiivp,  and 
even  seventy-iwo  feet.fl  A  current  which  sets  in  on  the  French  cuasi,  lo 
tlie  west  of  Cape  La  Hairue,  becomes  jjcnl  up  by  Guernsey,  Jersey,  and 
Other  ialaada,  till  the  rise  ot  the  tide  is  Irom  twenty  to  forty-five  ieeii 

*  Geog.  of  Heroti.  vol.  ii.  p.  331.  f  Ibid,  p.  219, 

I  liomnie,  Vcnta  et  Couruu,  vol.  ii.  p.  2.   llev.  F.  ir  aiiowS|  Quart.  Jouro.  of 
tdeaaa,  Bfaich,  1029. 

t  f  The  heights  af  these  tides  are  given  so  the  aatbeiily  «f  Glflain  Hawattp 

R.  N. 
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whieh  last  height  it  aitaina  at  Jer»ey>  and  at  St.  Malo,  a  seaport  of  Brit- 
tany. 

Cwrrtn/f. —The  most  extensive  and  best  determined  system  of  cur- 
rents, \n  that  which  has  it«  Pourre  in  the  Indian  Ocean,  \in(ier  the  infla- 
ence  ol  llie  iriule  winds;  and  which,  after  douljling  tlic  Cape  of  Good 
Hope,  inclines  to  the  northward,  along  the  western  coast  of  Africa,  then 
crosses  the  Atlantic,  near  the  equator,  and  is  lost  in  the  Caribbean  Sea, 
yet  seems  to  be  again  revh'ed  in  the  current  which  isstiM  from  the  Gulf 
•f  Mexico,  by  the  Straits  of  Bahama,  and  ilowi  tipidly  in  A  norUMMteiljr 
diieetHHi  by  the  bank  of  Newfoaodland,  towards  the  Aioies. 

We  learn  from  the  pottbamous  work  of  Ronnell  on  this  subject,  thtt 
th«  I^agnllas  enrrent,  so  callod  from  tbe  cape  and  bank  of  that  name,  it 
fimiied  by  the  jimeiieB  of  two  eiieaiiia,  flowing  fion  tbe  IwKaii  Oeean ; 
iiie  one  fkrom  the  ehimiel  of  Moiambiqiie,  down  tlie  oootb^eait  eoaat  of 
Africa ;  die  odiert  Am  the  oeeen  at  Ivge.  The  ooOeeiive  etreem  it  fioa 
BiMty  to  one  hoodied  aiilee  in  bieeM,  and  nina  at  the  late  of  fh>n  two 
and  a  half  to  moie  than  four  mtlee  per  boor.  It  ii  at  length  tamed  weal* 
ward  by  the  f^agnllai  bankv  whieb  riaea  Umn  a  aea  of  gieal  depth  t6 
witMn  one  hnndfed  falbona  of  tbe  imrlboe.  It  noat,  therefore,  be  Infbi^  . 
red,  says  Sennell,  that  the  eaneiA  bofri  ia  noie  than  one  hundred  f^thoma 
deep,  otherwise  the  main  body  of  it  would  pass  across  the  bank,  instead 
of  being  deflected  eastward,  so  as  to  flow  round  the  Cape  of  Good  Hope. 
Froai  this  cape  it  flows  northward,  along  the  western  coast  of  Africa, 
takins  the  name  of  live  Suulli  Alliintit:  current.    Ii  llien  enters  die  Hn^'it, 
or  Bay  of  Benin,  and  is  turned  westward,  partly  by  liie  form  of  ilic  coast 
there,  and  partly,  perhaps,  by  the  Guinea  current,  which  nms  from  the 
north  into  the  same  o^rcat  bay.    From  the  centre  of  this  bay  proceeds  the 
Equatorial  current,  holding  a  wes^terly  direction  acros?  ;he  Atlantic,  which 
it  trnverj>es,  from  the  coast  of  (Tiiinea  to  thai  of  Brazil,  llowing  afterwards 
by  the  shores  of  Guiana  to  the  West  Indies.    The  breadth  of  this  current 
▼aries  from  160  lo  4  51)  ge()gra|)}iical  inilrs,  and  jis  \-eh>eity  is  from  twen- 
ty-five to  seventy-nine  miles  per  day,  the  mean  rate  being  about  thirty 
■Bee.   The  length  of  its  whole  eourse  is  about  4000  miles.    As  it  skirts 
tlie  eoaat  of  Guiana,  il  ia  increased  by  the  in6uz  of  the  waters  of  the 
Amanonand  Orinoco,  and  by  their  junction  acquires  accelerated  velocity. 
AAar  paaainf  the  island  of  'frinidad/  it  eapanda,  and  ia  almost  loot  in  the 
Ouribbean  flea;  bat  tbeie  appears  to  be  a  feneral  mofenent  of  that  eea 
towarda  the  Meznan  gnlf,  which  diaehargea  the  moot  powerlnl  of  alleor* 
fanta  fhroogh  the  Straits  of  FlorMB,  where  the  waleia  mn  in  the  norifaem 
port  with  a  Yeloeity  of  liie  milea  an  bonr,  baring  a  breaddi  of  fnm 
thir^*flfe  to  milea. 

The  temperataie  ef  the  Oalf  of  If  esieo  it  8e<*,  in  anminer,  or  r>  higher 
than  that  of  the  oeean,  in  the  leme  parallel  {W  N.  hu)  and  a  large  pro> 
portion  of  tbie  warmth  ia  retained,  eien  where  the  atrean  leaehea  the 


240  CAUb£S  OF  iCUEK£r<iTS.  £Book  II- 

49^  N.  Wu  Aftinr  iifMing  from  ibe  Stnitt  of  Floridip  thf  emitiil niin  in  m 
northerly  direction  to  Cepe  Hettene«  in  North  CuoliD8«  eboat  N. 
let*  where  it  ie  moie  than  eeyeo^  mtlee  bmed,  end  etiU  mofoe  el  the  rate 

of  teventy-five  miiei  per  day.   In  about  the  40*  N.  let,  it  ia  tnmed  more 

towards  the  Atlantic  by  the  extensive  banks  of  Nantucket  and  St. 
Geori^re,  which  are  from  200  to  30U  feet  bcncaih  the  surfjce  of  ihc  sea; 
a  clear  prooi  lliat  the  curruni  exceeds  that  depth.  On  arriving  near  the 
Azores,  the  stream  widens,  and  overflows,  as  it  were,  forming  a  hxri^e  ex- 
panie  of  warm  water  in  the  centre  of  the  North  Atlantic,  over  a  spnce  of 
200 or  300  miles  from  north  to  south,  and  having  a  temperature  of  from  8** 
to  10°  Fahr.  above  ifie  surrouiidint^  ore;in.  The  whole  area,  covered  by 
the  gulf  water,  is  estimated  by  Kenneli  at  2000  miles  in  length,  and,  at  a 
mean,  350  milea  in  breadth  i  an  area  more  eztenaire  than  that  of  the 
Mediterranean.  The  warm  water  has  been  sometiaMS  known  to  reach 
the  Bay  of  Biaeayy  atiil  retaining  five  degress  of  iempecalare  above  that 
of  the  adjoining  oceen,  and  a  branch  of  llie  gulf  current  occasionally  drifts 
fruita,  pianta,  and  wood,  the  produce  of  Am^neay  and  the  Weal  indief» 
to  the  eborea  of  Ireland,  and  the  Hebridea* " 

From  the  above  etateraenta  we  may  nndetetend  the  deaeription,  giien 
by  Renoellt  of  the  principal  cunrenta,  which*  he  aaya«  are  oceanic  rivere^ 
IVom  50  to  260  milea  in  breadth,  having  a  rapidity  exceeding  that  of  the 
largeat  navigable  rivets  of  the  contioenta,  and  eo  deep  at  to  be  aometimea 
obairacted,  and  occaaionally  tnmed  aaide,  by  banka  wliich  do  not  rise 
within  forty  or  fifty  fathome  of  the  surface  of  the  aee.* 

Greaieit  Velocilt/  of  Curr€nt$,^The  ordinary  velocity  of  the  principal 
currents  of  the  ocean  is  from  one  to  three  miles  per  hour;  but  when  the 
boundary  lands  converge,  large  bodies  of  water  are  ilriveu  praiJually  into 
a  narrower  space,  and  then  wanting  lateral  room,  are  compelled  to  raise 
their  level.  Whenever  this  occurs,  their  velocity  la  much  increased. 
The  current  which  runs  through  ihe  Race  of  Alderney,  between  the  island 
of  that  name  and  the  main  land,  has  a  velocity  of  above  eight  English 
miles  an  hour.  Cnptnin  He  welt  found  that  in  the  Pentland  Firth  the 
stream,  in  ordinary  spring  tides,  runs  ten  miles  and  a  half  an  hour,  and 
about  thirteen  miles  during  violent  storms.  The  greateat  velocity  of  the 
tidal  current  through  the  "Shoots,"  or  New  Passage,  in  the  Bristol 
Channelfia  (ouiteen  English  miles  an  hour;  and  Captain  King obaerved* 
in  hie  recent  survey  of  the  Straits  of  Magellan,  that  llie  tide  ran  at  the 
aame  rale  through  the  **  Firat  JKarrowa.'* 

CaufU  of  CurrM9,^Thki  movements  of  no  inconaideraUe  megni- 
tude  should  be  impressed  on  an  ezpanaive  ocean,  by  winda  blowing  for 
many  moniha  in  one  direction,  may  eaaily  be  conceived,  when  we  obaervo 
the  eflccts  produced  in  our  own  seas  by  the  temporary  action  of  the  same 

*  Rennell  on  Carreots,  p.  58. 
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cause.  It  IS  well  kuowii  Uiat  a  stroni^  south-west  or  flOVth-west  wind  in- 
variably raises  the  tides  to  an  unusual  heiijlu  altinn;  ihe  east  coast  of  Fngf- 
land  and  in  the  Channel;  and  that  a  north-west  wiuU  of  anv  continuance 
causes  the  Baltic  to  rise  two  tc.  i  ;iiul  upwards  above  its  ordinary  level. 
Smeaton  ascertained  hv  expt  riinpiii  iliat,  in  a  canal  four  miles  an  length, 
the  water  was  kept  up  four  inches  higiier  at  one  end  than  at  the  other, 
merely  by  the  action  of  the  wind  along  the  canal;  and  Rennell  informs 
us  that  a  large  piece  of  water,  ten  miles  broad,  and  generally  only  ibrm 
feet  deep,  ha«,  by  a  strong  wind,  had  its  waters  driven  to  one  side,  and 
sustained  to  a  to  beoooM  fix  feet  deep,  while  the  whidwtnl  tide  wm 
laid  dry  • 

Am  water,  therefore,  he  observes,  when  pent  up  to  thatiteatiiioteMtpe» 
meqaine  a  higher  level,  ao,  hi  a  place  when  U  can  etecjie,  the  aame  ope* 
ration  prodoees  a  cnnent;  «nd  this  enrrent  will  extend  to  n  giealer  or 
leea  diatonce,  aceoiding  to  the  ferae  by  whieh  it  is  pmdiieed. 

Cnimta  flowing  alternately  in  oppealte  direeilona  ere  alio  oeeaiionad 
Ky  iIm  riae  and  fall  of  the  tidea.  The  effeet  of  this  eante  te,  an  beAm 
obeenred,  moat  atriking  in  eatnariea  and  ehannela  between  lahnda. 

A  Ihird  eanae  of  oeeank  enrnnla  la  evapofatlon  by  aolar  heat,  of  whieh 
ttie  great  euneot  aetting  through  tlie  Stratie  of  Gtbrdtar  into  the  Medlle^ 
nnean  la  a  remaiUde  example,  and  will  be  fhlly  eenrideted  in  the  next 
ciMpter.  A  atieam  of  eolder  water  alao  flowa  Aom  '  the  Rlaak  8ea  Into 
the  Mediterranean,  ft  niiift  happen  in  many  other  parts  of  the  world 
that  large  quantities  of  water  raised  from  one  tract  of  the  ocean  by  solar 
heat,  arc  carru'd  to  some  other  wherf  ihe  vapour  is  condensed  :ind  fulls 
in  the  sh^^ic  of  rain,  and  this  in  liowing  back  again  to  restore  equilibrium, 
will  cause  sensible  currents. 

These  considerations  naturally  lead  to  the  inquiry,  whether  the  level  of 
contiguous  seas,  wlirrc  currents  prevail,  varies  crwisiderably,  Arngo  is  of 
opinion  that,  so  far  as  observaiions  have  hiiherto  been  made,  ilio  dilTer- 
ence  in  relative  level  is  not  great,  or  at  least  that  it  is  insufficient  U)  bear 
OQl  the  hypothesis  that  currents  in  general  are  referable  to  the  action  of 
prevailing  winds.  He  admits  the  important  and  remarkable  fact  that  the 
level  of  the  Mediterranean  near  Alexandria  is  lower,  by  twenty-six  feet 
^  inehee,  than  the  Red  Sea  near  8oez  at  tow  water,  and  about  thirty 
Ibet  lower  than  the£ed  Sea  at  the  same  place  at  high  water.  Thia  leanlc 
waa  obtained  during  the  Ffoneh  expedition  to  Egypt,  from  the  meaaaf^ 
Bwnla  of  M.  Lep^t 

It  waa  fonieriy  imagined  that  there  waa  an  eqoal,  if  not  greeier  difeiallyy 
in  the  leiuife  lerela  of  the  Atlantie  and  JMfle,  on  the  oppeeiie  aidee  of 
the  iathmna  of  Ptaama.  Bnt  the  lefeUinga  leeenily  earried  aeroea  that 
IfltbmQa  by  Bfr*  Lloyd,  ter-  aaeeitain  the  jrelatifn  height  of  the  Paeifio 

•  Rennell  on  the  Channel  carrent. 
t  An.  du  Bureau  des  Long,  pour  I'ui  1896. 
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OoBiui  It  Faumai  and  of  Uie  Adantie  aft  the  voath  of  the  rim  Chipes, 
hu9  flbowii«  that  ihe  dUTerenee  of  meaA  lerel  between  those  oeeaiw  Is  nol 

eonsiderable,  and  contrary  to  expectation  the  differenee  which  does  exist 
is  in  favour  of  the  greater  height  of  the  Pacific.  According  to  the  result 
of  lim  survey,  on  which  great  depenJejjcc  may  be  placed,  ihe  mean 
height  of  the  Paciilc  ia  three  feet  and  a  half,  or  3.52  above  the  Atlantic,  if 
we  assume  the  mean  level  of  a  sea  lo  coincide  with  the  mean  between 
the  extremes  of  the  elevation  and  depression  of  the  tides  ;  for  lietwecn  the 
extreme  levels  of  the  greatest  tide.s  in  llie  Pacific,  al  Panama,  iheic  is  a 
difference  of  27.44  feet;  and  at  the  usual  spring  tides  21.22  feel :  whereas 
at  Chagree  this  differeDce  ia  only  1.16  feet,  and  it  the  same  at  all  aeasono 
9f  the  year. 

The  tides,  in  afaort»  in  the  Caribbean  Sea  are  eeaicely  peicepiiblc,  not 
fqiMUuig  thoee  in  some  parts  of  the  Mediterranean,  whereas  the  rise  is 
very  high  in  the  Bay  of  Panama ;  so  that  the  Pacific  ia  at  high  tide  lifted 
up  semal  feet  above  the  siirfaee  of  the  Gulf  of  Mexico*  and  then  at  low 
watof  let  dowtt  as  far  below  it.*  Bot  astrononeis  are  agreed  that,  oo 
matheniAtieal  prineiples,  the  rise  of  the  tidal  waTs  above  the  ineati  level 
of  m  paKtiddar  sea  most  be  greater  than  the  fall  below  it;  and  although 
the  diffpteooe  has  been  hitherto  supposed  inspffieient  to  eaose  an  appro* 
fiable  error.  It  is,  nevertheless,  worthy  of  observation,  that  the  error* 
sneh  as  it  may  be,  woold  tend  to  redoce  the  small  differeiice,  now  infers 
fOcI,  from  the  observations  of  Mr.  Lloyd,  to  exist  between  the  levels  of 
the  two  oceans. 

There  is  still  another  way  in  which  heat  and  cold  must  occasion  great 
movements  in  tlie  ocean,  a  cause  to  which,  perhaps,  currents  are  princi- 
pally due.  It  is  now  ascertained  that  there  is  in  sea  water  no  point,  as 
in  fresh  water,  at  which  nn  increase  of  cold  causes  the  fluid  lo  hes^^ln  again 
to  expand.  In  the  ocea.ii,  therefore,  whenever  the  temperaUire  of  the  sur- 
face is  lowered,  condensation  takes  place,  and  the  superficial  water,  liav- 
its  spcciiic  gravity  increased,  falls  to  the  bottom,  upon  which  lighter 
water  rises  immediately  and  occupies  its  place.  When  this  circulattpo 
of  ascending  and  descending  currents  has  gone  on  for  a  certain  time  in 
high  latitudes,  the  inferior  parts  of  the  sea  are  made  to  consist  of  eoidjer 
or  hflsvier  fluid  than  the  correspondbg  depths  of  tlic  ocean  between  tha 
tnopins.  If  there  be  a  free  eommnnicalipn,  if  no  chain  of  s|ibmi|rtqe 
Bwmnlauis  divide  the  polar  firom  the  equatorial  beainsi  %  horixontal  move* 
ment  will  srise  by  the  (lowing  of  colder  water  from  the  ppLes  to  the  equft> 
tor,  and  there  will  then  be  a  redux  of  warmer  superficial  wslnr  from  ^ 
nqnalor  to.  the  poke*  k  well-known  experineot  ha^  been  adduced  to. 
eineidafts  this  node  of  action  in  explanation  of  the  «*  trade  winde.**t  If  a 

•  Phil.  Trans.,  1830,  p.  59 

t  Soo  Capt.  B.  Hall's  rlrar  Explanation  of  the  Theory  of  the  Trnde  Winds.  Fra*^- 
ments  of  Voyages,  second  aertesi  vol.  t.,  sod  his  letter  in  the  Appendix  to  DanieH's 
Meteorology. 
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ftlUd  whh  md  other  widi  fdekiiNw,  both  flMi  tHQ 
qolslfokBf  M  tlM^m  diYiM;  bat whm tfa*  dUM li teutt lU 
IwMiiw floW  Witt twh ifciDg  tha  boHom oTIiMi travgli*  wlilto tM U^ter, 
b^iaf  dbpbeed,  will  liw,       fluirfiif  in  n  tfpmam  dtowrton,  spitad 

itself  at  the  top.   In  Mra  mtimer  the  expansion  and  contraction  of  seie 

water  bv  heat  and  cold  hare  a  tendency  to  set  under-currents  in  motion 
from  ihc  polea  lo  ihe  oqiKitor,  antl  lo  cau.sf;  counter-currents  at  the  surface, 
which  rire  iinpelleJ  in  a  clirrciion  contrary  Lo  thai  ol  tlio  prevailing  Irado 
winds.    The  gcogra])hical  and  other  circumstances  being  very  compli- 

eated,  we  cannol  expect  to  trace  .se[)araiely  the  movements  due  to  each 
eause,  but  nu!St  he  pn'pared  fur  many  anomalies,  especially  as  the  con- 
figuration of  tlie  bed  of  the  ocean  must  often  niodily  and  interfere  with 
Xhf  cntirse  of  the  inferior  currents,  as  nuich  as  the  position  and  j'orni  of 

coDtineuts  and  isiiadt  an  louod  to  alter  the  dirvction  of  thoM  on  ibB 
sorface. 

Bach  of  the  four  eaoaea  above  mentioned,  the  wind,  the  tides,  evapo* 
ntioiit  and  the  eapraikni  and  contraction  of  water  by  beat  and  cold,  may 
hm  CMtived  to  c^pMM  iadvpandentlj  of  the  others,  and  aliho«gb  Ifav 
iidhwOBt  tf  all  Ike  rest  were  annihilated.   Boi  thm  m  aDoiher  canity 

wnm  fam  abmdy  bam  Mt  im  motion  by  oome  ono  or  all  of  Ibo 
Ibfooo  abofo  daaaribady  and  wban  tho  diracfiOD  of  tho  aoiioiit  ao  rabid 
kappani  to  ba  ftooi  aoolli  to  aoftb,  or  irom  Doitb  to  oootb** 

Tho  pfinaipla  m  wfaiah  tfala  aaaao  opaialoi  la  probably  faariiiar  to  tho 
•aadirt  aa  it  Ins  long  boon  rooognlaad  In  tho  aaao  of  tho  tndo  winda, 
Wldnint  onfarging,  ihoiafoia»  on  tha  diooffyv  it  will  bo  auftalant  to  oibr 
on  aaiiipiB  of  tha  modo  of  oadon  aUndod  to.  Wfaon  a  oaivant  flow* 
horn  tho  Oapo  of  Good  Hope  towaida  dio  Golf  of  Golaaa,  it  oonaiata  of 
a  mass  of  water,  which,  on  doubling  the  Cape,  in  laU  30°,  has  a  rotatory 
▼elocity  of  about  SOU  miles  an  hour;  hut  when  it  reaches  the  line,  if 
arrivfcs  at  a  parallel  where  the  surface  of  the  earth  is  whirled  round  at  tlio 
rate  of  1000  miles  an  hour,  or  about  200  miles  faster.!  If  tlus  great  mass 
of  water  was  transferred  suddenly  from  iht^  higher  to  the  lower  latitude, 
dM  deticieacy  of  its  rotatory  motion,  relatively  to  the  land  and  water  with 

*  In  an  inteiesliof  eas^  In  tbo  United  8«rviee  Jmisl  (Oeo.  1833),  an  attempt 
la  ande  to  intnrfooe  the  earth's  lotatioD  as  a  primaiy  eaase  of  euients.  Bntthe 
■udWT  mppean  to  ndseonoeiTe  the  mede  in  which  alone  this  rotation  coald  produce 
any  effert,  nnd  reasons  tut  if  it  would  in  all  latitudes  cause  currents  from  pait  to 
WPBt.  lie  also  serni''  never  to  have  licard  Mr.  Lloyd'n  levellintrs  across  the  lath* 
mus  of  Pauaua,  by  which  the  waters  of  the  Gulf  of  Mejuco  arc  proved  (if  there  be 
any  difSexence)  to  be  lower  than  the  mean  level  of  the  Pacific.  He  also  assumea 
that  dw  qnandtj  ef  lain  is  gieaUy  in  ezesas  in  JUjfA  instead  of  Isw  hrti> 
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wkUk  H  wMiU  COM  -mto  jaslipoiiUaii,  «o«l4  l»  Mob  m  to  fl«M  aa 
iffwnnt  aoite  of  the  aoft  npiA  kM  (of  ao  ]«m  fStan.  900  nilto  «i 
kdor)  kom  oaf  t  to  vott 

In  Ibo  oate  of  mob  o  mMm  ttaniferf  tfao  oMtom  oomI  of  Aurieot 
boing  cairied  mad  in  ao  oppoMto  duooluNit  mifbt  Mriko  agafaiat  •  bago 
bo^  of  water  wUh  toonoodooa  TiolOBOBt  ood  «  oanaidoraUo  pan  of  ibo 
flootiacQt  nigbl  bo  rabaMigod.  Thw  diitofbaneo  doaa  ool  ooaar,  bpronaa 
the  water  of  ihe  itream,  m  it  advances  gradually  into  new  zone*  of  tho 
sea  which  are  moving  niore  rapidly,  acquires  by  friction  an  accellerated 
vrldciiy.  Yet  as  this  molion  is  not  imparled  instantaneously,  the  fluid  ia 
unable  to  kv('\)  up  witli  tiic  lull  speed  ul  the  new  builaci'  ovtr  which  ii  is 
euecesstvely  brouglu.  Hence,  to  borrow  the  lanj^uage  of  Herschel,  when 
he  ppenks  of  the  trade  winds,  **  it  la^  or  hano^s  back,  in  a  Uirt;ciion 
oppo&itt'  to  iho  earth's  rotation,  that  is,  Irorn  t  ts-i  lo  west,"*  aud  thus  a 
curreiii  wliicli  would  have  run  simply  towards  llie  north  but  for  the  rota- 
tion, may  acquire  a  relative  directioa  towards  the  west,  or  beooaae  o 
aouth-easterly  current. 

We  may  next  consider  a  caie  where  the  circumslaoeeB  are  the  con- 
vane  of  the  above.  The  Gulf  stream  flowing  frMB  aboot  lat.  30t°,  ia  at 
iiai  impreased  with  a  velocity  of  lotatioo  of  about  040  miles  an  boor,  and 
runs  to  the  lat.  40°,  wbora  the  eartb  lovolves  only  at  the  loto  of  700 
miles,  or  174  miiaa  slower*  In  ibia  oaae  n  lolalivo  aaolioo  of  an  oppaoHo 
kind  ina7  loaoli:  and  tba  onmni  maj  lotabi  an  oaaaaa  of  lototofT- 
vokKsiijt  tendinis  eontinnally  to  daioat  it  oaac  vard. 

Tboa  itwUl  ba  aaon  tbat  tbo  onnonia  dopondklikotbo  tldaa,oo  no  teat- 
poary  or  ooeidantal  dranoMtanoaai  bnt  on  Ibo  lawa  vbiab  piaablo  ooor 
Ibo  aotiona  of  tbo  beavonljr  bodioa.  Bntaiibongb  ibo  «utt  of  iboir  Mo-* 
aneo  in  altering  iho  anrfaco  of  iho  oanb  maj  bo  vaiy  cooaianl  ibioogbont 
ancoaaaivo  opoeba*  yai  ibo  pointe  wbaio  ibaao  opoialiooa  aio  displayad  in 
fbUoat  anofgy  abift  perpetually.  Tba  baigbt  to  wbieb  tbo  tidaa  rioot  and 
tboAnolonoa  and  tatoaity  of  ennonta,  depaod  ui  a  great  nMaanra  or  ibo 
aatoal  configuratton  of  the  land,  tbo  contour  of  a  long  line  of  continental 
or  insular  coast,  the  depth  and  breadth  of  channels,  the  peculiar  form  of 
the  bottom  of  seas — a  w  ord,  on  a  t  ombinalion  of  circumbianccs  whicli 
are  made  to  vary  conUuuully  by  luauy  igneous  and  aqueous  causes,  and, 
aaiuag  llio  icst,  by  the  tides  and  currenis  themselves.  Although  these 
agents,  therefore,  of  decay  and  reproduciioiv  nre  local  in  reference  to 
periods  of  short  duration,  such  ;us  ilu;3e  which  la»Lory  embraces,  they  ?,re 
nevcrtheieaa  uuiversal,  if  we  exteud  our  views  to  a  sul^ient  lapse  of 
ages. 

Action  of  Ihe  Sea  on  the  British  Coasts. — If  we  follow  the  eastern  and 
aouthern  ahorea  of  the  British  islands,  from  our  Ultima  Thula  in  Shetland 


*  Tkasfiss  on  AslMOOBf  i  ehap^  S. 
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to  ifae  hukd^M  End  ia  Cornwallt  we  flhall  find  evtdenee  of  a  teriet  of 
changw  tinee  the  historical  era,  very  illustrative  of  the  kind  and  degree 

of  force  exerted  by  tides  and  enrreDts,  coH>peraiing  with  the  waves  of  the 
sea.  In  this  survey  we  shall  have  an  opportunity  of  tracing  their  joint 
power  on  islands,  promontories,  bays,  and  estuaries;  on  boKi,  lofty 
filiOs,  as  well  as  on  low  shores;  and  on  every  description  oi  rock  and 
soil,  from  granite  to  blown  sand. 

Sheflaiid  /tf/art</#.— The  northernmost  group  of  the  Bniish  islamls,  the 
Shetland,  are  composed  of  a  great  variety  of  rockis,  including  granite, 
gneiss,  raica-slale,  serpentine,  grrt  n^tune,  and  many  others,  with  some 
secondary  rocks,  chiefly  sandstone  and  conglomerate.  These  islands  arc 
exposed  continually  to  the  uncontrolled  violence  of  the  Atlantic,  for  no 
Isnd  interveiias  between  their  western  shores  and  America.  The  piBTS* 
leneoy  tlieroforet  of  strong  westerly  gales  causfBs  the  waves  to  be  some- 
tunep  iifiven  with  inesistible  force  upon  the  coast,  while  there  is  also  a 
eanent  ^Mt^ng  from  the  north.  The  spray  of  the  sea  aids  the  decompo- 
sition «f  iho  fochs,  and  prepares  them  to  be  breached  by  the  meehanical 
foM  of  the  wifos.  Sleep  elifis  are  hollowed  out  into  deep  eaves  and 
loft^  aictMis ;  and  aknosl  every  promontory  ends  in  a  closter  of  roekst 
imifaiiiig  Ihe  forms  of  columns,  pinnseles,  and  obelisks.  • 

Drifting  fif  hrge  MaateM  J?oeit.'— ^Modern  observations  show  that 
tba  ndiMdoii  of  continuous  tracts  to  such  insular  masses  is  a  process  in 
wlMi  Natnre  is  still  actively  engaged.  ''The  Isle  of  Stenness,'*  says 
Dr.  Hibbert,  "  presents  a  seene  of  unequalled  desolation.  In  stormy 
winters,  huge  blocks  of  stones  are  overturned  or  are  removed  from  their 
native  betl^,  :ind  hurried  up  a  slight  acclivity  to  a  distance  almost  incredi- 
ble. In  the  winter  of  1802,  a  iiibular-sh:iped  mass,  eight  feet  two  inches 
by  seven  feel,  autl  five  feet  oiu  inch  ihick,  was  dislodged  from  its  bed, 
and  removed  to  a  disiance  of  from  eighty  to  ninety  feet.  I  measured  the 
recent  bed  from  which  a  block  had  been  carried  away  the  preceding  win- 
ter (  A.  D.  1818),  and  found  it  to  be  fscvcnleen  h  et  and  a  half  by  seven 
feet,  and  the  depth  two  feet  eight  inches.  The  removed  mass  had  been 
boms  to  a  distance  of  thirty  feet,  when  it  was  shivered  into  thirteen  or 
more  lesser  fragments,  some  of  which  were  carried  still  farther,  from  30 
to  120  feet.  A  block  nine  feet  two  inches  by  six  feet  nnd  a  half,  and  four 
laet  thick,  was  hurried  up  the  acclivity  to  a  distance  of  150  feeU* 

At  Northmavine,  alsofisngular  !)loeks  of  stone  have  been  removed  in  a 
similaf  manner  to  considerable  distances  by  the  waves  of  the  sea,  some 
of  ^ich  are  represented  in  Fig.  14.t 

•  Deserip.  of  Shetland  Islands,  p.  527.    Edin.  ]^2^. 

\  Fur  this  and  the  three  followinfr  repreuentalions  ot  rocks  in  liie  yiteLiand  Isles, 
I  am  indebted  tu  Dr.  UiUiert  s  work,  before  cited,  which  ii  rich  in  antiquarian  and 
geological  research. 
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Fig.  14. 


Effects  of  Lightning. — In  addition  to  numerous  examples  of  masses 
detached  and  driven  by  the  waves,  tides,  and  currents  from  their  place, 
some  remarkable  effects  of  lightning  are  recorded  in  these  isles.  At 
Funzie,  in  Fetlar,  about  the  middle  of  the  last  century,  a  rock  of  mica- 
schist,  105  feet  long,  ten  feet  broad,  and  in  some  places  four  feet  thick, 
was  in  an  instant  torn  by  a  flash  of  lightning  from  its  bed,  and  broken 
into  three  large,  and  several  smaller,  fragments.  One  of  these,  twenty- 
six  feet  longi  ten  feet  broad,  and  four  feet  thick,  was  simply  turned  over. 
Tbfi  second,  which  was  twenty-eight  feet  long,  seventeen  broad*  and  tive 
feet  in  thickness,  was  hurled  across  a  high  point  to  the  distance  of  fifty 
yards.  Another  broken  mass,  about  forty  feet  long,  Was  thrown  itiU 
farther»  but  in  the  same  diroction,  quite  into  the  sea.  There  were  alio 
many  smaller  fragments  scattered  up  and  down.* 

When  we  thus  see  electricity  oo-operating  with  the  violent  movements 
of  the  ocean  in  heaping  np  piles  of  shattered  rocks  on  dry  land,  and  be- 
neath the  waters,  we  cannot  but  admit  that  a  region  which  shall  be  the 
theatre,  for  myriads  of  ages,  of  the  action  of  snch  disturbing  causes,  might 
present,  at  some  future  period,  if  upraised  far  above  the  bosom  of  the 
deep,  a  scene  of  havoc  and  ruin  that  may  compare  with  any  now  found 
by  the  geologist  on  the  surface  of  our  continents. 

In  some  of  the  Shetland  Isles,  as  on  the  west  of  Meikle  Roe,  dikes,  or 
veins  of  soft  granite,  have  mouldered  away  ;  while  the  matrix  in  which 
they  were  inclosed,  being  of  the  same  substanc^f  but  of  a  tirmcr  texture, 
has  remained  unaltered.  Thus,  long  narrow  ravines,  sometimes  tweniy- 
feei  wide,  are  laid  open,  and  often  give  access  to  the  waves.  After 
describing  some  huge  cavernous  apertures  into  which  tlie  sea  flows  for 
250  feel  in  Rocness,  Dr.  Hibbcrl  enumerates  other  ravages  of  the  ocean. 
*'  A  mass  of  rock,  the  average  dimensions  of  which  may  perhaps  be  rated 
at  twelve  or  Utirteen  feet  square,  and  four  and  a  half  or  five  in  ibickuest^ 

*  Dr.  Uibbert,  from  MSS.  of  Rev.  George  Low,  of  FetUr. 
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was  first  moved  from  its  bed,  about  fifty  years  ago,  to  a  distance  of  thirty 
feet,  and  has  since  been  twice  turned  over." 

Pauage  forced  by  Uu  sea  through  porphyritic  rockt. — But  the  most 
sublime  scene  is  where  a  mural  pile  of  porphyry,  escaping  the  process  of 
disintegration  that  is  devastating  the  coast,  appears  to  have  been  left  as  a 
sort  of  rampart  against  the  inroads  of  the  ocean  ; — the  Atlantic,  when 
provoked  by  wintry  gales,  batters  against  it  with  all  the  force  of  real 
ariillery — the  waves  having,  in  their  repeated  assaults,  forced  themselves 
an  entrance.  This  breach,  named  the  Grind  of  the  Navir  (Fig.  15.),  is 
widened  every  winter  by  the  overwhelming  surge  that,  finding  a  passage 


Fig.  15. 


Crrimd  of  the  JVavir — Passage  forced  by  the  sea  through  rocks  of  hard  porphyry. 

through  it.  separates  large  stones  from  its  sides,  and  forces  them  to  a  dis- 
tmre  of  no  lei«s  than  180  feet.  In  two  or  three  spots,  the  fragments 
which  have  been  detached  are  brouglil  together  in  immense  heaps,  that 
appear  as  an  accumulation  of  cubical  masses,  the  product  of  some  quarry."* 
It  is  evident,  from  this  example,  that  although  the  greater  indestructi- 
bility of  some  rocks  may  enable  them  to  withstand,  for  a  longer  time,  the 
action  of  the  elements,  yet  they  cannot  permanently  resist.  There  are 
localities  in  Shetland,  in  which  rocks  of  almost  every  variety  of  mineral 
composition  are  suffering  disintegration  ;  thus  the  sea  makes  great  inroads 
on  the  clay  slate  of  Fitfel  Head,  on  the  serpentine  of  the  Vord  Hill  in 
FeUar,  and  on  the  mica-schist  of  the  Bay  of  Triesta,  on  the  east  coast  of 
the  same  island,  which  decomposes  into  angular  blocks.  The  quartz 
rock  on  the  east  of  Walls,  and  the  gneis  and  mica-schist  of  Garthness, 
suffer  the  same  fate. 


•  Hibbert,p.528. 
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Deatruetion  of  /f&mift.— Soeh  dmMilaoD  Mimot  be  ianmmaOj  om»- 
mitted  for  thousands  of  years  wiOioal  dividing  itlaiids*  nntal  they  beeoM 
al  last  mere  clusters  of  rocks,  the  last  shreds  of  oiaaaes  onee  eomiBaoue. 


To  thisr  ileieij^  atppear  *to  have  been  miliirril.  sni^  jpinnimililii  fan- 
tastic filrms  are  assuiiied  hj  rocks  adjoining  these  iiAHiid|p4o  which  the 
name  of  Drongi  is  applied,  as  it  is  to  those  of  similar,  shape  in  Feroe. 

The  granitic  rodts  (Fig.  Id.)  between  Papa  Stonr  apdffiHswiek  Nese 
afford  an  example.  A  still  more  smgolar  cluster  of  is  seen  to  the 
south  of  Hills  wick  Ness  (Fig.  17.)  which  presents  e  varieljr  o^'Yorms,  mm 
viewed  from  different  points,  and  has  often  been  likened  to  a  small  fleet 
of  vessels  with  spread  sails.*  We  may  imagine  that  in  the  course  of 
time  Hiilsvviek  Ness  ibclf  may  present  a  similar  wreck,  from  the  uue(^ual 


Granite  rocks  to  tkBsoutk  o/HiUawkk  AWm,  SkttUmd. 


decomposition  of  the  rocks  whereof  it  is  composed,  consisting  of  gneise 
and  mica-schist,  traversed  in  all  directions  bj  veins  of  felspar  porphyry. 

*  Uibbert,  p.  619. 


Digitized  by  Google 


Gk.  VI.]  »i£  AiST.  COAST  GJT  9GWM»fk  Ml 

Midway  between  the  groups  of  Shetland  and  Orkney  is  Faijf  Island, 
said,  to  be  composed  of  snncJstone  wiili  Inirh  jieiptutiauhir  cliffs.  The 
eiirrent  runs  vvuii  such  velociiy,  that  during  a  calnit  and  when  tliere  is  no 
swell,  the  rocks  on  its  shores  are  white  with  the  foam  of  Uie  sea  driven 
ajrriins?  them.  The  Orkneys,  if  carefully  examined,  would  prnhal)ly 
iliiistrato  our  present  topic  as  much  as  the  Shetland  group.  'I'he  north- 
east promontory  of  Sanda,  one  of  liiese  ialaiids,  hat  he»n  eut  oil'  in 
modern  times  by  the  m  tbat  it  became  what  b  now  ^led  Start 
IsUoci,  whm  a  UgfaUMmw  wm  enoitd  ui  i8y9»  tiace  wluefei  lioio  tJi* 
Mw  Strait  has  grown  broadfr. 

£ast  coast  of  Scoihnd*^-^  pasf  oiver  to  the  land  of  SeoHuid 
we  find  that,  m  iBverBw-ehire,  there  have  bees  iocoMis  of  the  «es  at 
Feet  G«0igtt»  nil  oiheii  ia  Mo«ijt1iira»  wlueh  hnrn  wmfi  vwuf  th«  M 
tornm  of  FMhani.  Oii  the  eoaet  of  Kineofdinoohira,  n  iUoolnitkNi  wot 
■ffoffMt  «t  Ibe  ekoe  of  tho  ktt  otntatj,  nf  the  ellbet  of  pvomontDikt  w 
proloeliiif  a  Hue  of  low-ohoro.  The  villago  of  MiUmio,  two  niloa  oontk 
of  Johiiehoveot  wm  boill  oo  aa  OMient  ahingle  beach,  lurolaetad  by  a  pro** 
joeii  ng  ledge  of  UiDaatone  rook.  Thie  waa  qoarried  Cor  liiae  Id  auoh  aa 
esloKtv  that  the  aea  bfoka  thvough,  and  in  17M  onrriad  away  tho  whole 
▼Qlage  In  one  night,  and  panelrated  150  yards  inland*  whan  it  haa  Main- 
tatoed  its  ground  ever  since,  the  new  village  having  been  boilt  forther 
inland  on  the  new  shore.  In  the  Hay  of  Montrose,  we  find  the  North 
Esk  and  the  South  Esk  rivers  pouring  annually  into  the  sea  large  quan- 
tities of  sand  and  pebbles,  ycL  ihey  have  formed  no  dtiua  ;  for  the  tides 
scour  out  the  channels;  and  the  current,  selling  across  then  mouths, 
sweeps  away  nil  the  materials.  Considerable  beds  of  shingle,  brougiu 
down  by  the  rsonh  Esk,  are  seen  aUHig  the  beach. 

ProcecdijiET  southwards,  we  find  that  at  Arbroath,  in  Forfarsjiire,  which 
stands  on  a  rock  of  red  sandstone,  gardens  nn<l  houses  liave  been  carried 
away  williin  the  last  thirty  years  by  encroachments  of  the  sea.  It  has 
become  necessary  to  remove  the  lighthouses  at  the  mouth  of  the  estuary 
of  the  Tay,  in  the  same  eonalyv  at  Baiimi  Ness,  which  were  built  on  4^ 
tract  of  biowB  aaiKl»  the  aea  having  oneroached  for  ihiee-qaartaei  of  % 
Mile. 

Form  ^  ffkwet  mti  CWraala  tn  AfHamt.*— >Th#  combined  powif 
whicli  wavaa  and  curtaaH  ean  oitrt  in  estuaries  to  considerable  dtptba» 
waa  raiaarkabiy  eihihited  dufieg  the  boildiag  of  tlie  Ml  Beak  LighV 
hyeeot  off  the  aMiath  of  ihe  Taj.  The  Bell  Beak  la  a  aymkoB  loaf,  aeo* 
aioliaif  of  lad  aaiidilene«  baiiig  6001  Iwalte  to  aixiata  fool  wMlar  iho 
enrfoea  at  high  water,  and  about  twelve  milaa  from  the  maiolaod.  At 
the  diilaiioe  of  100  yaida,  there  ia  a  doptbi  in  all  direatioBf  •  of  tvo  or 
thfce  fathoma  at  low  water.  In  1807«  daring  the  eroetioa  of  the  light* 
fcooio,  aiz  large  bloeka  of  granite,  which  had  been  landed  oa  the  rea( 
weio  renoved  by  the  focce  of  the  9Pa,  and  ibrown  over  a  |9^f  ledge  to 
Yoif  L— 2  O 
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the  distance  of  twelve  or  fifteen  paces  ;  and  an  anchor,  weighing  about 
22cvvt.t  was  thrown  up  upon  the  rock,*  Mr.  Stevpiison  informs  us, 
moreover,  that  drift  stones,  nieasurmg  upwards  of  thirty  cubir:  feet,  or 
morf^  than  two  ton^  weight,  have,  during  stormsi  been  often  thrown  upon 
the  rock  Irom  the  deep  water.t 

Si/l)niar{?ic  forests. — Among  the  proofs  that  the  Ken  lias  cncro:iche(i 
both  on  the  estuaries  of  the  Tav  nm\  Forth,  m  iv  be  mentioned  ilio  sub- 
marine foresta  which  have  been  traced  for  several  miles  by  Dr.  Fleming, 
along  the  margins  of  those  estuaries  on  the  north  and  south  shores  of  the 
eoun^  of  Fife4  The  aUa?iai  tracts,  however,  on  which  such  forests 
grow,  generally  occupy  epeoef  which  may  be  said  to  be  in  dispute 
between  the  river  and  the  sea,  and  to  be  alteniately  lost  and  won.  Esftt-' 
ane$  (a  term  which  we  confine  to  inleta  entered  both  by  rivers  and  lidee 
of  the  sea)  have  a  tendency  to  become  silted  up  in  parts ;  hot  the  same 
traeti,  alter  remaining  dry,  perhaps,  for  thousands  of  yeam,  are  again 
liable  to  be  overflowed,  for  they  are  always  low,  and«  if  inhabited,  most 
generally  be  secured  by  artificial  embankments.  Meanwhile  the  sea 
dcToun t  as  it  advances,  the  high  as  well  as  the  low  parts  of  the  co«st« 
breaking  down,  one  after  another,  the  rocky  bulwarks  which  protect  the 
mouths  of  estuaries.  The  changes  of  territory,  therefore,  within  the 
fcfnenl  line  of  coast  are  all  of  a  subordinate  nature,  in  no  way  tending  to 
arrest  the  march  of  the  great  ocean,  nor  to  avert  the  destiny  even  in  ally 
awaiting  the  whole  region;  they  are  like  the  petty  wars  and  conquests 
of  the  independent  states  and  republics  of  Greece,  while  the  power  of 
MacedoQ  was  steadily  pressing  on,  and  preparing  to  swallow  up  the 
whole. 

On  the  coa?t  of  Fife,  at  St.  Andrew's,  a  tract  of  hind  w)iich  intervened 
between  the  castle  of  Cardinal  Beaton  and  the  sea,  has  been  entirely 
awept  away,  as  were  the  last  remains  of  the  Priory  of  Crail,  in  the  same 
fonnty,  in  1803.  On  both  sides  of  the  Frith  of  Forth,  land  has  been 
oonsnmed ;  at  North  Berwick  in  particular,  and  at  Newhaven,  where  an 
arsenal  and  dock,  built  in  the  reign  of  James  IV.,  in  the  fifteenth  centnryt 
has  been  overflowed. 

£ast  coast  of  England,^lt  we  now  proceed  to  the  English  coast*  we 
find  records  of  numerous  lands  having  been  destroyed  at  Northumberland, 
as  those  near  Bamborough  and  Holy  Island,  and  at  Tynemoath  CasUet 
which  now  overhangs  the  sea,  although  formerly  separated  from  it  by  a 
strip  of  land.  At  Hartlepool,  and  several  other  perts  of  the  ooasi  of  Dur- 
ham composed  of  magoesian  limestone,  the  sea  has  made  considerable 
inroads. 

Coast  of  JTarjkfAtre.— Almost  the  whole  coast  of  Yorkshire,  from  the 

*  Account  of  the  Ereetton  of  tbe  Bell  Bock  Lighthoese,  p.  103. 

t  Ed.  Phil.  Joum.  vol.  iii.  p.  54.  IfiSO. 

I  ^VMXL  Joum.  of  Sci.,  dec.,  No.  uii.  Jf,  &  Maxcb,  1830. 
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Midi  of  Iht  Tm  to  IhHor.Hw  Abater,  it  ta  AfllUt  of  gradml  dilapi- 
dilion.    Tbst  part  of  the  cliffs  which  consists  of  liss,  th«  oolite  series^ 

and  chalk,  decays  slowly.  They  present  abrupt  and  nuked  precipiceSf 
often  300  feci  iii  height  ;  and  it  is  only  at  lew  points  that  the  ji(rassy 
covering  of  the  (sloping  talus  marks  a  temporary  relaxation  of  the  eroaive 
action  of  the  sea.  The  chalk  cliffs  are  washed  into  caves  in  the  project- 
ing' headland  of  Flarnhorough,  where  they  are  decomposed  by  the  salt 
spray,  and  slowly  crumble  awny.  But  the  wnste  is  most  rapid  between 
that  promontory  and  Spurn  Point,  or  tlie  roast  of  Holderaes??,  as  it  is 
called,  a  tract  consisting  of  beds  of  clay,  jrravel,  sand,  and  chalk  rubble. 

irregular  intermixture  ot  the  argillaceous  beds  causes  many  springs 
to  be  thrown  out,  and  this  facilitates  the  undermining  process,  the  waves 
bealiiig  agaissl  theni,  and  a  Hof  evrent  setting  chiefly  ikoai  the  north. 
Tlie  wasteful  actioa  is  vnjr  conspioqant  at  Dtnliaglon  Height,  the  ioftieat 
point  in  Uoldemess,  where  tha  beacon  staada  on  a  cliff  146  iael  abov« 
kigh  water,  tha  wbola  baiag  eonpoaad  of  diy»  wilk  pabbtoa  wattMid 

Im  iha  aid  mapa  of  Tori»liiia«  wa  tad  apaM,  mom  aand-baDka  i*  Hm 
aaa,  aaiM  aa  tha  aaewnl  ritaa  of  tba  tawm  and  vittBgw  of  Aabra* 
Havteim  aad  Hyda»  **0{  Hyda,**  aqra  Poonat,  naly  tha  traditiM 
iilafts  apdaaMTthayiUayof  Henwaa,  a maat odiad  HofOMa  Back haa 
laag  aiaaa  bM  aviUowad/*t  Owtbana  and  ita  ahaiak  kava  alio  baaft 
kifvaatpandwtiQyodf  andtka  fltt«gaof  KilaM;  bat  thato  plaoaaam 
Mw  taaotad  lailhar  inhuid.  Tha  taia  of  aaaioiffhaiaai  al  Otrtfioaia»  at 
piatanty  ia  aboat  four  yards  a  year,^  Not  vDiaaaonabla  faaia  aia  eata^ 
tained  that  at  eome  fntnre  time  the  6pum  Point  will  beeome  an  ialand» 
and  that  the  ocean,  cnlerinir  into  the  estuary  of  the  Humber,  will  cause 
great  dev asvaiian.§  Pennant,  after  speaking  of  the  oilunu;  up  of  some 
ancient  ports  in  that  estuary,  observes,  "  But,  in  return,  the  sea  has  made 
most  ample  reprisals ;  the  site,  and  even  the  very  names  of  several 
places,  once  town^  of  note  upon  liie  H umber,  are  now  only  recorded  in 
iustory  ;  and  Kavensper  was  at  one  timi!  a  rival  to  Hull  (Madox,  Ant. 
Exch.  i.  422),  and  a  port  fo  very  considerable  in  1332,  that  Edward 
Baliol  and  the  confederated  English  barons  sailed  from  hence  to  invade 
Scotland  ;  and  Henry  IV.,  in  1390,  made  choice  of  this  port  to  land  •!» 
ta  o0Mt  Ike  deposal  of  Richard  U.}  yat  the  whole  of  this  has  long  afawa 
baaa  davooiad  by  the  merciless  ooaao:  aztciuiva  ssikU,  dry  al  lotr  valWr 
an  to  ha  caan  m  tkair  MMd.'! 

•  rhilli|>»'«  Geology  of  Yorkahire,  p.  61. 

f  Aretio  Zoologj,  vol.  i.  p.  10.  Introduction. 

t  flor  ihMlBibimitioB  I  am  bidsblad  la  Mr.  Phillips,  ef  Tstk. 

I  fbUlipe's  Geology  of  Torkshne,  p.  60. 

I  AmL  Zool.  vsL  i.  p.  18b  InlaodiMtiaa. 
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BitaiiMiiaKlFitai^pani  H— i  m  a  projadelaty  kilfceftwrn  pf#  lAM^ 
md  mym  tbt  Iwd,  teMM  to  Ilia  niWllH  perpetually  prtT^i 
ffiliy  tlMfuffj^f  th»G«ffnM80a»  whifkllBvoQft  wiMito  aerts  at  a  tia^ 

ind  exposes  oa  ibe  tlioree  ooandeiable  qnan lilies  of  beaniiful  amber."* 

Acronling  to  Berginann,  a  strip  of  land,  with  several  viilagesy  was  co^ 
ried  »way  near  ihe  nioulh  of  ihe  Hiuiiber  In  1475. 

lAntotnshirt. — The  marilime  tUaUict  of  I-im-oliishirc  consists  chiefly 
of  lands  that  lie  below  the  level  of  the  sea,  being  protected  bv  em b aim- 
ments.  Great  parts  of  this  fenny  trnct  wcre»  at  some  imkiiown  period,  a 
wnofh'  countrv,  hut  were  afterwards  inuiuhiicJ,  and  are  now  ogam 
recovered  jn^in  Oie  se:i.  Sotne  ol  the  lens  w  ere  pmbanked  and  drained 
by  the  Romans  ;  but  alier  iheir  departure  lite  sea  relumed,  and  large 
tracts  were  covered  witli  beds  ol  silt  containing  marine  shells,  oow  again 
inverted  iato  productive  lands.  Many  dreadful  catastrophes  are  recnrd^ 
by  inconiona  of  the  aaa,  whMbjr  aataral  pariahaa  bata  baaa  al  ^^«yr^ 
tintee  orerwheltned. 

Ncrfoik. — We  eoma  next  lo  the  clifis  of  Norfolk  and  8a£Mk«  vhift 
itB  4Kay  is  in  ^neral  inceataM  and  rapid.  At  HunstaBton,  on  tba  nor'b. 
tha  aadermiainf  af  the  lovar  arenaceous  bada  at  the  foot  of  tha  dtf 
aaiiAaa  toiMca  of  lad  and  wbita  cbaUt  la  ba  prectpUalad  bam  abata* 
Balwaen  Hnnttaniaa  aad  Wayboaina*  low  biUa»  or  duaaif  of  Uawa 
iaod,  ara  formad  alaag  tba  a bofa»  from  fiftj  la  aiztj  faai  high.  1*bty 
m  aompoiod  of  dry  Md»  boand  in  a  aanpaeiflMaa  by  iha  loi^  enafaitf 
fooia  of  iho  plant  aallad  Manam  (Ajraodo  afonaria.)  Snch  ia  lha  pwaaal 
aat  of  tha  tidaa,  that  tba  haiboQ|a  of  Clay,  Wallit  and  otbar  plaeaa»  aia 
aaaaniy  dafimdad  by  tbaia  banitat ;  afltoiding  a  daar  proof  that  it  ia  not 
Urn  atrangth  of  tbo  natefial  at  partk»lar  poinia  that  dolarnunoi  mht^km 
the  sea  ahali  ba  piograwiva  or  atilioaaiy,  bat  tha  ganatal  aontoar  of  tba 
eoast. 

The  waves  constandy  undermine  the  low  chalk  cliflTs,  covered  Miih 
sand  and  clay,  between  AVeybounu;  and  iSiierringhatti,  a  certain  poriioa 
of  thtiiu  being  aiiauully  removed.  At  tlie  iaiter  town  I  ascertained,  in 
1820,  some  facts  which  throw  iiglit  on  ibe  rale  al  which  the  sea  gains 
upon  the  land.  It  was  computed,  wiieu  the  present  inn  was  built,  in' 
1805,  that  it  would  require  seventy  years  for  Llie  sea  to  reach  the  spot: 
the  mean  loss  of  land  being  calculated,  from  previous  observaiions,  to  ba 
somewhat  loss  than  one  yard  annually.  The  distance  between  the  house 
and  the  sea  was  lifiy  yards ;  but  no  allowance  was  made  for  the  alope  of 
the  ground  being  from  the  sea,  in  consequenca  of  wbicb,  tba  waste  was 
naturally  accelerated  every  year,  as  tha  cliff  grow  lowar,  thaia  being  at 
each  succeeding  pariod  laia  matter  to  remove  when  portions  of  aqoal  ana 
fdl  down,  fiaiwaaa  tbo  yaaca  Ifidi  and  1820«  no  laai  duo  aavantaen 


*  Arot  Zool.  vol.  i.  p.  Id.  Inuoauction. 
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J'ards  were  swept  away*  and  only  a  small  o^ardcn  was  then  left  between 
Uie  building  and  ihe  sea.  There  is  iiuu'  a  cJeplli  of  iwenly  feet  (suffix 
cient  10  float  a  frigaic)  iil  one  point  in  the  harbour  of  tlial  port,  wher6f 
only  forty-eight  years  ago,  there  stood  a  cliff  fifty  feet  lugh,  with  houses 
upon  it !  If  once  in  Haifa  century  an  equal  amount  of  change  were  pro- 
duced sudiicnly  bv  ihe  momentary  shock  of  an  earthquake,  history  would 
be  tilled  with  records  of  such  wonderful  revolutions  of  tlie  earth's  sur-  1 
face  t  but,  if  the  conversion  of  high  land  into  deep  tea  be  gradual,  it 
•xcitw  ottljr  local  atteniion.  The  flag-stafT  of  the  Preventive  Servi^ 
Mlioa,  m  the  eoaih  mie  of  this  b«ibonr»  kw»  within  the  iMtfiattB 
3rBM»  bMR  thiiM  limoftd  ialiii4t  in  wonmq^amm  of  iha  aAfwmm  of  tte 

Fanber  to  aoiith  we  tad  elifiiy  ooapoiod,  liko  thooo  of  HoUemeM 
Vofoto  wuitAomd$  of  ollmitinf  ftial»of  Uoo  oloyt  giwol*  loaD».  and  Ado 
«ud*  AHboogh  lfa«7  aonateio  oMd  feoi  m  Mght»  tiio  Imo 
awdooB  tiio  oooilia  mort  fonnMahla*  Tho  wjbolo  iito  of  ao«ia»t Cmmm 
DOW  fDoaa  p«H  of  tbo  GanaiB  Ocoob,  tho  iababilattlB  having  gfadoallf 
ntiealed  inland  to  their  preaeat  aiiaatioo,  fytm  whonet  the  aea  atiU 
Hupoataoa  to  diibdge  thorn.  In  thi  wintat  of  lati,  a  Ukm  mmn  wao 
prodpaled  ftom  mot  lighthooio«  whieh  oofwmd  twolva  aoioa,  oHend* 
ing  far  into  4ha  ooa,  tho  elt A  boiag  tSO  feet  ia  height  •  Tbo  ttndemhilDf 
by  springs  baa  aometlmee  eaoaed  large  portions  of  the  upper  part  of  the 
clifTs,  with  houses  still  standing  upon  them,  to  ^ive  way,  so  that  it  is  impos- 
sible, by  erecting  breakvvulers  at  the  hdim  of  the  ciiUs,  permanently  to  ward 
off  the  danger. 

On  the  same  coast,  the  ancient  villages  of  IShipdcn,  Wimpwell,  and 
Eccleti,  have  disappeared ;  several  manors  and  large  portions  of  neigh* 
bourinsT  parishes  liavinfr,  piere  after  piece,  been  swallowed  up;  nor  has 
thofe  been  nny  intermission,  from  time  immemorial,  in  ibe  ravages  of  the 
aea  alanj^''  a  line  of  coa^'t  Iweiity  mile?  in  lenirth,  in  which  thc^e  [jlaret 
stood. t  Hilirf  of  blown  sand,  between  Eccles  and  Winterton,  have  barred 
op  and  excluded  the  tide  for  many  hundred  years  from  the  mouths  of 
aoforal  amaU  estuaries ;  bat  ihaio  are  reoorda  of  nine  bioaehaa  from  SIO 
to  190  yaida  wide,  having  beem  nade  through  these,  by  which  immense 
damage  was  done  to  the  low  granndt  in  Uie  kitenor.  A  few  miles  south 
of  Uapfiiaburgh,  aiao»  aio  httlo  of  Uowb  aaad*  whieh  extend  to  Yar* 
BOftlht  and  thoao  «io  ooppoooA  to  proioat  tho  ooaot,  bol  to  laet  thotr 
fMrmotioo  pioveo  thai  a  tompoiaiy  loaptta  of  tho  kumiaiono  of  tho  ooa  oa 
thia  poft  ia  pmuttod  bf  tho  piaiODt  ool  of  tho  tidaa  and  eimmitt.  Won 
k  olhorwiiOi  tho  hnMl»  ao  wo  hoio  oooot  wotdd  givo  wajt  thoogh  nado  of 
oolidiodL 


*  Taylor  *  Qeciogy  of        Norfolk,  p.  3S. 
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SUiing  tip  of  Estuaries. -^ki  Yarmouth,  the  sea  has  not  advanced 
upon  the  sands  in  th«  sligfalast  degrae  tiooe  the  reign  of  Elisabeth.  In 
the  time  of  the  Sazom,  a  great  estnary  eilended  as  lar  a*  Norwich, 
which  uVf  ia  rapraaaated,  evea  in  the  thirteenth  and  foorteentheeatmiaay 
an  altnated  on  the  banka  of  an  arm  of  the  sea."  The  aande  wfaerwm 
Tarmovth  ia  built  firat  beeane  firm  and  babilabto  gronnd  aixMt  lha  jenr 
1006,  from  which  time  a  line  of  dunea  haa  gradoalljr  inoreaaed  in  heigbt 
and  bfeadthf  atratehtng  acroaa  the  whole  entrance  of  the  ancient  oataaryt 
and  obatmcting  the  ingresa  of  the  tidea  ao  eomplelely,  that  thef  m  only 
admitted  hj  the  narrow  poaaage  which  the  river  keeps  open,  and  which 
hat  gradoally  shifted  several  miles  to  the  south.  The  ordinsry  tidea  nt 
the  river's  moulh  rise,  at  present,  only  lo  tlie  height  of  three  or  four  feet, 
the  spring  iiiies  lo  aboui  eight  or  nine. 

By  the  exclusion  of  the  sea  thousands  of  ai  res  in  the  interior  liave 
become  cultivated  lands;  and,  exclusive  of  smaher  pools,  upwards  of 
sixty  fresh-water  lakes  have  been  formed,  varying  in  dcjjili  from  fifieea 
to  thirty  feet,  and  in  extent  from  1  acre  to  1200.*  The  Yare,  and 
other  rivers,  frequently  commuuicate  with  these  sheets  of  water;  and 
thus  they  are  liable  to  be  filled  up  gradually  with  lacaatrine  and  fluviap 
tile  depoeita,  and  to  be  converted  into  land  coTered  with  fomats.  When 
the  sea  at  length  retoma  (for  as  the  whole  coast  gives  way,  this  must 
inevitably  happen  aooncr  or  later),  these  tracla  wtU  be*  again  antHnerged« 
and  anbmarine  foveats  may  then  be  found,  as  along  the  marginc  of  maay 
eatnariect 

Yarmouth  does  not  project  beyond  the  general  line  of  eoaat  which  has 
been  rounded  off  by  the  predominating  cunmit  from  the  north-weat.  It 
moat  not  be  imagined,  theicfore,  that  the  aequiaition  of  new  land  fit  for 
enltivalion  in  Norfolk  and  Suffolk  indicalea  any  permanent  growth  of  the 
eaatem  limita  of  our  ialand,  to  oompenaate  ita  iciterated  loaaat.  No  tfefta 
can  form  on  aoeh  a  ahore. 

That  great  banka  ahonld  be  thrown  across  the  estuary  of  the  Yare,  or 
any  other  estuary  on  our  eastern  coast,  where  tliere  i^  noi  a  lari^e  body 
of  river-waler  to  inaHUaiu  an  open  channel,  is  perfectly  intelligible,  when 
we  bear  in  mind  that  the  marine  current,  sweeping  alon^  the  toasi,  is 
charged  with  the  materials  of  wasting  clifl's,  and  ready  lo  form  n  hnr  any- 
where, the  instant  its  course  is  interrupted  or  checked  by  any  opposing 
stream.  The  mouth  of  the  Yare  has  been,  within  the  last  five  centuries, 
diverted  about  four  miles  to  the  south;  so  it  is  evident  thai  at  some 
remote  period  the  river  Aide  entered  the  sea  at  Aldboroogb,  until  ita 
aucieni  outlet  waa  barred  op  and  at  length  tranaferred  to  a  point  no  lean 

*  Taylor's  Gsotofj  of  East  Noribik*  p.  10. 

f  For  loflBarka  oo  tha  origLn  of  SaboMiiM  Foiesta,  see  Book  III.  ohap.  16^ 
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dmi  ten  miles  distant  to  the  south-west.  la  this  case  ridges  of  sand  and 
fhin^le  like  those  of  Lowestoff  Ness,  which  will  be  described  by-and-by, 
have  been  ihrown  up  between  the  river  and  the  sea;  and  an  ancient  sea- 
cliff  is  to  he  seen,  now  inland. 

Ii  jiiay  be  asked  why  the  rivers  on  our  east  coast  are  always  d(  llcctcd 
southwards,  although  the  tidal  current  flows  alternately  from  the  south  and 
north  ?  The  cause  is  to  be  found  in  the  superior  force  of  what  is  com* 
monly  called  the  flood  Ude  from  the  north,"  a  tidal  wave  derived  from 
the  Atlantic,  a  small  part  of  which  passes  eastward  up  the  English  Chan- 
nel, and  through  the  Straits  of  Dover  and  then  northwards,  while  the 
principal  body  of  water,  moving  mneh  more  rapidly  in  a  more  open  sea, 
first  passes  the  Orkneys,  and  then  turning,  flows  down  between  Norway 
and  Scotland,  and  sweepe  with  great  ▼eloeity  along  our  eastern  coasL  It  is 
well  known  that  the  highest  tides  on  this  coast  are  occasioned  by  ft 
powerful  north-west  wind,  which  raises  the  eastern  part  of  the  Atlantic, 
and  canaes  it  to  pour  a  greater  Yolome  of  water  into  the^German  Ocean. 
This  drcumstanee  of  a  violent  off*9hore  wind  being  attended  with  a  rise 
of  the  waters,  instead  of  a  general  retreat  of  the  sea,  naturally  excites  the 
■liAf  of  the  inhabitants  of  our  coast.  In  many  districts  they  look  with 
confidence  for  a  rich  harvest  of  that  valuable  manure,  the  sea-weed,  when 
the  north-westerly  gales  prevail,  and  are  rarely  disappointed.  The  phe- 
nomenon is  so  well  calculated  lo  awakon  curiosity,  that  I  have  heard  the 
cause  discussed  by  peasants  and  lisheriiieii ;  and  more  than  once  they 
have  hazarded  a  theory  of  their  own  to  account  for  it.  The  most  inge- 
nious idea  which  I  htive  heard  suggeste  d  was  this  :  a  vast  body  of  surface 
water,  say  they,  is  repelled  by  the  wind  from  the  shore,  which  afterwards 
returns,  in  order  to  restore  the  level  of  the  sea;  by  this  means  a  strong 
nnderocarrent  is  produced,  which  teats  up  the  weed  from  the  bed  of  the 
tea,  and  casts  it  ashore.  The  true  explanation,  however,  of  the  pheno* 
roenon  is  doubtless  that  above  mentioned. 

CooMt  of  Suffoik.^The  clifls  of  Sufiblk,  to  which  we  next  pro- 
ceed, are  somewhat  less  elevated  than  those  of  Norfolk,  bnt  composed  of 
simOar  altemations  of  day,  sand,  and  gravel.  From  Oorleston  in 
Saflblk,  to  within  a  few  miles  north  of  Lowestoff',  the  diflb  are  slowly 
onderteined.  Near  the  last-mentioned  town,  there  is  an  inland  cliff 
about  sixty  feet  high,  the  sloping  talus  of  which  is  coveted  with  turf  and 
heath.  Between  the  clifT  and  the  sea  is  a  low,  flat  tract  of  sand,  called 
the  Ness,  nearly  three  miles  long,  and  for  the  most  part  out  of  the  reach 
of  the  highest  tides.  The  point  of  the  Ness  projects  from  the  base  of  the 
original  clilT  to  ilie  distance  of  660  yards.  I  hia  accession  of  land,  says 
Mr.  Taylor,  has  been  effected  at  distinct  and  distant  intervals,  by  the 
iiiiliieiice  of  currents  running  between  the  land  and  a  shoal  about  a  mile 
oiF  LowesioiF,  called  the  Holm  Sand.  The  lines  of  prowiii  in  the  Ness 
are  indicated  by  a  series  of  concentric  ridges  or  embankments  inclosing 
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a,  a.    The  dotted  lines  express  a  series  of  ridges  of  sand  And  ahioglei  forming  tbs 
extremity  of  the  triangular  space  culled  the  NeM. 

bf  b,  b.   The  dark  line  represents  the  inland  cliff  on  which  the  town  of  LowestoflT 
■lands,  bttween  which  and  the  tea  it  the  Neie. 

limited  areu,  and  several  of  theae  ridges  have  been  fonned  within  the 
obsenrataon  of  persons  now  living.    A  rampart  of  heavy  materials  is  first 

thrown  up  to  an  unusual  altitude  by  some  extraordinary  tide,  attended 
with  a  violent  gale.  Subsequent  tides  extend  the  base  of  this  higk 
bank  of  shingle^  and  the  inleistiees  are  then  filled  with  sand  blown  from 
tlie  beach.  The  Arundo  and  other  marine  plants  by  degrees  obtain  a 
footing;  and  creeping  along  the  ridgSt  give  solidity  to  the  mass*  and  fonn 
in  some  cases  a  matted  covering  of  turf.  Meanwhile  another  rooand  is 
forming  externally,  which  by  the  like  process  rises  and  gives  protection  to 
the  first.  If  the  sea  forces  its  way  through  one  of  the  external  and 
incomplete  mounds,  the  breach  is  soon  repaired*  A()er  a  while  the 
marine  plants  within  the  areas  inclosed  by  these  embankments  are  sno- 
ceeiled  by  a  better  species  of  herbage,  affurding  good  pasturage,  and  the 
sands  become  sufBciently  fiim  to  support  buildings.t 

Destruction  of  Dumvich  by  the  Sea, — The  sea  undermines  the  high 
cliffs  near  Corlon,  a  few  miles  north  of  Loweslofl",  as  also  two  miles  south 
of  tlie  same  town,  at  Pakefield,  a  village  which  has  been  in  part  swept 
away  during  the  present  century.  From  thence  to  Dunwich  the  destruc- 
tion is  constant.  At  tlic  distance  of  250  yards  from  the  wasting  cliff  at 
Paliefield,  where  we  must  suppose  land  to  have  existed  at  no  remote 
period,  the  sea  is  sixteen  feet  deep  at  low  water,  and  in  the  roadstead  be- 
yond, twenty-four  feet.  Of  the  gradual  destruction  of  Dunwich,  onee  th« 
most  considerable  seaport  on  this  coast,  we  have  many  authentic  records. 
Gardner  in  his  history  of  that  borough,  published  in  1754,  shows,  by 
reference  to  documents  beginning  with  Doomsdsy  Bookt  that  the  clifis  al 
Dunwicht  Southwold,  Eastern,  and  Pakefield,  have  been  always  solject 
to  wear  away.  At  Dunwich,  in  partienlart  two  tracts  of  land  which  had 
been  taxed  in  the  eleventh  centniy,  in  the  time  of  King  Edward  the  Co&* 

•  From  Mr.  R.  C.  Taylor  s  Mem.,  see  bolow. 

t  The  fortiiation  of  the  £4eM  is  well  described  by  Mr.  R.  C.  Taylor,  Fhii.  Mag., 

p.  m.    Oct.  Ii:ii7. 
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fiMOff,  m  BMlfaMwdf  in  <k«  Po»%— wit*»  wnrey,  vid«  hnl.a  fcw  yei» 
•tonraidft  as  baviag  bM  ibwwiitJ  by  llw  m.  Tk«  tonw,  •!  a  nbt** 
i|iMiit  period,  of  ■  nmiM^ry,— at  aMUher  of  aefenl  chnnhM,— dtorwards 
of  the  old  port, — then  of  400  houses  at  once, — of  the  church  of 

St.  Leonard,  high  road,  town-hall,  gaol,  and  many  other  build intrs, 
are  nienlioned,  wiili  llie  dales  when  ihey  perished,  ll  is  slated  ihal,  in 
ihu  sixteenth  cenUiry,  noi  one  quarlur  of  the  town  was  left  standing;  yet 
the  inhabitant-s  rciruating-  inland,  the  narue  was  preserved,  as  has  been 
ihe  case  with  many  ciilier  ports,  when  liuMr  ancient  i-ile  has  been  blotted 
otit.  There  is,  however,  a  church,  of  considerable  antiquity,  still  stand- 
ing", the  last  of  twelve  mentioned  in  some  records.  In  1740,  the  laying 
open  of  the  churchyartl  of  St.  Nicholas  and  St.  Francis,  in  the  sca-elifls, 
IS  well  described  by  Gardner,  with  the  cothns  ami  akeietOAB Mpoaed  tO 
view   aomo  lyiag  on  the  heaoht  and  rookadi— 

"In  mdle  ef  ihe  nde  iiapsrioaa  mugjt,** 

Of  tbeaa  eemeleriea  no  fanaina  ean  now  ha  aeon.  Ray  also  says,  <*  that 
SBOitBt  writings  make  mention  of  a  wood  a  nilo  and  a  half  to  tho  aaat  of 
Bunwicb,  Ihoailaof  wliich  roust  at  pioaaatbo  ao  far  within  thoaaa.'** 
Tbia  onoe  ao  flooriahiof  and  populous,  is  now  a  amaU  viUafa^  witb 
aboiil  twantjr  houses,  and  ono  baadred  inhabilanta. 

Tbora  is  an  old  tradition,  that  tbo  tailora  lat  In  tboit  abopo  al  Dnai> 
wifib,  and  aaw  tbo  abipa  in  Yamonth  Bay  bat  wben  wo  eonaidar  bow 
fiur  tbo  eoaat  at  Lowoatoff  Naaa  piojoeta  batwotn  tboae  plaoaa.  wo  cannot 
fivo  endll  to  tbo  talo»  whiobt  ncvortbaleaat  pfofoa  bow  mneb  tbo  invoada 
of  tbo  aea  in  timaa  of  old  had  prompted  man  of  Uvoly  imafinalkm  to  i»> 
dnifo  tboir  taaio  for  tbo  manrellona* 

Qardnor'a  deieription  of  tbo  coniatoriea  laid  opon  by  tbo  wavaa  vaHd 
na  of  tbo  aeeno  whiob  baa  been  ao  waU  dopietod  by  Bawiek,t  and  of 
wbieh  numerous  pointa  on  tbo  aamo  ooaat  might  bafo  auggcsied  the  iiiea. 
On  the  verge  of  a  cliff,  which  the  aea  has  undermined,  are  represented 
the  unshaken  tower  and  western  end  of  an  abbey.  The  eastern  aisle  is 
gone,  and  the  pilhirs  of  the  cloister  are  soon  to  follow.  The  waves  have 
aitiiost  isolated  tlie  jjroniontory,  and  invatled  the  cemetery,  where  they 
have  made  sjjorl  wuh  the  niDrtal  relics,  and  Uirowii  up  a  skull  upoQ  the 
beach,  in  the  foreground  is  seen  a  brolcen  toinbsione,  erected,  as  its 
legend  tells,  *'  to  pcrpetvate  the  memory  ol  one  whose  name  is  obliterated, 
as  is  thai  of  the  county  for  which  ho  was  ♦  Custos  Rotulorum.*"  A  cor- 
morant is  perched  on  the  monument,  defiling  it,  a.s  if  to  remind  .«?ome 
moraliser,  like  Hamlet,  of  ''the  base  uses"  to  which  tilings  sacred  may 
bo  tamad.   Had  tiiia  axceUant  artiai  desired  to  salirise  certain  popalar 

*  Oonssfoeaesaof  tfas  Mage^  Phja.  Tbsol.  DlMoansa. 
.    t  Histoid sfAfltish Birds, vol. IL p. m  Ed.I8Bl. 
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iMiie  pUtoMplNr  wfe«  tniglil  *<  fli»  ymmmmmy  «€  wrtif  iiiimfitaii**-^^ 
«««h0  m  «f  MpQM**-^lh»  impolniM  of  oMdm  MiM,'* 

Bmik  of  Dunwiefa  m  two  tUlb,  odM  GmI  wid  Liitfe  CalGlift 
Tkit  nUeh  bons  dM  nraie  of  Ortut  hm  toeoM  Ibo  mller  of  iIm 
and  it  oalf  liftseD  feet  high,  the  man  elevolBd  poMioB  of  tl»  kill  Iwring 
iMBOimMmyf  on  tfw  otiwr  lima,  tto  Laim  Ctt  Cmhm  giitd  « 
iiportiiw,  llio  MO  hoi  hm  hma  mMmg  detpcv  iolo  o  kill  wkick 
riopM  lowwdi  H.  BototBodifliiilporiod,lk0awMitHnMtwillogoA 
beeome  appropriate,  for  ot  Gioot  Ollff  tki  fmm  of  ooolher  kiU  wit  torn 
be  reached,  and  at  Little  Cat  Cliff  the  sea  wilU  at  about  the  eanoiuaOi 
arrivL  at  ;i  valley. 

The  incursions  of  the  sea  at  Aldborough  were  formerly  very  deatrael* 
ivc,  and  this  borough  is  known  to  have  been  once  situ:itr<t  :i  (jviaricr  t»i  a 
mile  ea«t  of  the  present  shore.  The  inii  ibiiaiUii  eouiiiiutti  u>  Imild  far- 
ther inland,  till  ihey  arrived  at  the  exlrrmiiy  oi  iheir  properly,  auJ  ihcn 
the  town  decayed  grfally;  but  two  sand-bank'^,  tfirown  up  at  a  short  dis- 
tance, now  nfford  a  u  in{U)r:ir\^  snfce^uard  to  the  coast.  Between  these 
h^uks  and  tlio  [trcsciii  shore,  where  the  current  now  flows,  the  tea  ia 
twenty-four  feet  deep  on  ihc  fpot  where  ilic  town  formerly  stood. 

Continuing  our  survey  of  the  t!>ui}olk  coast  to  the  southward,  we  find 
that  the  cliffs  of  Bawdsey  and  Felixtow  are  fonndering  slowljr*  and  thai 
Iho  point  on  whieh  Laodgoatd  Fort  is  boilt  aoffera  giadual  decay.  It  ap- 
paaia  tet,  within  tho  aMoioiy  of  panaoa  now  Kfiog*  the  Orwell  river 
OOlitinued  its  course  in  a  more  direct  line  to  the  Bca,  and  entered  la  4m 
north  instead  of  tho  aooth  of  the  low  baok  on  whiah  tha  hti  laat  inai» 
thmad  la  boib. 

AN«.F^arwioh»  in  Eaaoz,  atanda  on  an  iathana,  whIah  will  pial^- 
Ujr  boaono  anMand  in  lilda  moio  thai  half  a  oanouyt  ftrlho  aoa  wtfl 
ikm  hafo  niada  a  broaah  naar  Lowar  Dovar  Coott^  akaoM  it  oonHnna  la 
flikanaa  aa  lapidlf  Oi  it  has  dono  dnfaig  Iba  laai  fliVf  yaava,  WitfdnlM 
yaaia,  ihaio  waa  a  oenaidoiabio  apioa  batwoan  lha  baitaiy  at  Harwich* 
boflt lamniTHhioa  yoaia  afo»  and  tho  aaai  pttiof  *o  ftrtilamian  hm 
afaoadjr  baan  awoptawaj,  and  tha  loat  oaorbanga  lha  water*  BfaHio  tha 
ToarlMT,  a  Md  oallfld  lha  Yienr'i  Field.  whMi  baloo||od  to  tfaeUTing 
of  Harwich,  h»  boan  latallf  anniUtelad.* 

At  WrftoB  Nsaw,  !n  the  same  county,  the  cliffs,  composed  of  Louduii 
day,  capped  by  the  shelly  sands  of  the  crap,  reach  the  height  of  about 
100  feet,  and  are  annually  undermined  hy  i\w  waves.  7^he  old  clajrch* 
yard  of  Walion  h:)n  been  washed  away,  and  the  cUiis  to  the  sooth  aia 
oonstanlly  disappearing. 

Ami, — hie  oj  Shqipey, — Ua  the  coast  bounding  the  estuaij  of  tha 

•  Onoothofitf  «r0r.Mnehfln,r.O.8. 
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Thames,  there  are  numerous  examples  both  of  the  gain  and  loss  of  land. 
The  Isle  of  Sheppey,  which  is  now  about  six  miles  long  by  four  in 
breadth,  is  composed  of  London  clay.  The  clifis  on  the  north,  which 
are  from  sixty  to  eighty  feet  high,  decay  rapidly,  fifty  acres  having  been 
lost  within  the  last  twenty  years.  The  church  at  Minster,  now  near  the 
coast,  is  said  to  have  been  in  the  middle  of  the  island  fifty  years  ago 
and  it  has  been  conjectured  that,  at  the  present  rate  of  destruction,  the 
whole  isle  will  be  annihilated  in  about  half  a  century.  On  the  coast  of 
the  mainland  to  the  east  of  Sheppey  is  Heme  Bay ;  a  place  still  retaining 
the  name  of  a  bay,  although  it  is  no  longer  appropriate,  as  the  waves  and 
currents  have  swept  away  the  ancient  headlands.  There  was  formerly  a 
small  promontory  in  the  line  of  the  shoals  where  the  present  pier  is  built, 
by  which  the  larger  bay  was  divided  into  two,  called  the  Upper  and 
Lower.t 

Still  farther  east  stands  the  church  of  Reculver,  upon  a  clifT  composed 
of  clay  and  sand,  about  twenty  feet  high.  Reculver  (Regulvium),  was  an 
important  military  station  in  the  time  of  the  Romans,  and  appears,  from 
Leland's  account,  to  have  been,  so  late  as  Henry  VIII.'s  reign,  nearly  one 
mile  distant  from  the  sea. 


Fig.  19. 


Vieu)  of  Reculver  Church,  taken  in  the  year  1781. 


1.  Isle  of  Sheppey. 

3.  Ancient  chapel  now  destroyed.   The  cottage  between  this  chapel  and  the  cliff' 
waa  demoliahed  by  the  tea,  in  1783. 

In  the  "Gentleman's  Magazine,"  there  is  a  view  of  it,  taken  in  1781, 
which  still  represents  a  considerable  space  as  intervening  between  the 
north  wall  of  the  churchyard  and  the  clifT.J  Some  lime  before  the  year 
1780,  the  waves  had  reached  the  site  of  the  ancient  Roman  camp,  or  for- 

"  For  thia  information  I  am  indebted  to  W.  Gunnel,  Eaq. 
t  On  the  authority  of  W.  Richardson,  fisq  ,  F.  G.  S. 
t  Vol.  ii.  New  Series,  1809,  p.  801. 
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tification,  the  walls  of  which  had  continued  for  several  years  after  they 
were  undermined  to  overhang  the  sea,  being  firmly  cemented  into  one 
mass.  They  were  eighty  yards  nearer  the  sea  than  the  church,  and  they 
are  spoken  of  in  the  **  Topographica  Britannica**  in  the  year  1780,  as 
having  recently  fallen  down.    In  1804,  part  of  the  churchyard  with  some 

Fig.  20. 


Reculver  Church,  in  1834. 

Adjoining  houses  was  washed  away,  and  the  ancient  church,  with  its  two 
lofty  spires,  a  well  known  land-mark,  was  dismantled  and  abandoned  as 
a  place  of  worship.  It  is  still  standing  (1834,)  but  would  probably  have 
been  annihilated  ere  this,  had  not  the  force  of  the  waves  been  checked  by 
an  artificial  causeway  of  stones  and  large  wooden  piles  driven  into  the 
sands  to  break  the  force  of  the  waves.* 

Isle  of  Thanet, — The  isle  of  Thanet  was,  in  the  time  of  the  Romans, 
separated  from  the  rest  of  Kent  by  a  navigable  channel  through  which 
the  Roman  fleets  sailed  on  their  way  to  and  from  London.  Bede  describes 
this  small  estuary  as  being,  in  the  beginning  of  the  eighth  century,  three 
furlongs  in  breadth ;  and  it  is  supposed  that  it  began  to  grow  shallow 
about  the  period  of  the  Norman  conquest.  It  was  so  far  silled  up  in  the 
year  1485,  that  an  act  was  then  obtained  to  build  a  bridge  across  it;  and 
it  has  since  become  marsh  land,  with  small  streams  running  through  it. 
On  the  coast,  Bedlam  Farm,  belonging  to  the  hospital  of  that  name,  has 
lost  eight  acres  in  the  last  twenty  years,  the  land  being  composed  of 

*  Dr.  Mitchell,  Proceedings  of  Geol.  Soc.  toI.  ii.  No.  1. 
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nh«lk  horn  fcity  to  ifty  fcl  thvm  the  iwl  of  tbt  — IlbMbMaooB* 
y — d»  tiwt  tii>  iinrigi  want  of  tii»  glMr  fctlwtta  tht  Nnh  Ftwiiad 

th«  ReeolTen,  a  dtttanee  of  aboat  devan  milM,  is  not  kM  ihta  two  fiMt 
per  annum.  The  chalk  clifTs  on  the  south  of  Thanet,  between  Ramsgata 
and  Pegwell  Bay,  have  on  an  average  lost  three  feet  per  aimum  for  tba 
ten  last  years  (preceding  1830). 

Goadwin  Sands. — The  Goodwin  Sands  lie  opposite  this  part  of  the 
Kentish  coast.    They  are  about  ten  miles  in  length,  and  are  in  some  parts 
three,  and  in  others  seven  miles  distant  from  the  shore  ;  and,  for  a  certain 
space,  are  laid  bare  at  low  water.    That  they  are  a  remnant  of  land,  and 
not  **a  mere  accumulation  of  sea  sand,**  as  Rennell  imagined,*  may  be 
presumed  from  the  fact  that,  when  the  erection  of  a  lighthouse  on  this 
shoal  was  in  contemplation  by  the  Thuity  Board  in  the  year  1817,  it 
was  CmukU  by  boiiiifit  that  ths  bank  consistsd  of  fifteen  feet  of  sand, 
wmHSmg  on  blue  clay.    An  obscure  tradition  has  come  down  to  nat  that 
AaaalBiasof  Earl  Goodwuh  tha  ftthar  of  HarakU  wlw  died  ta  tlw  yww 
1058,  were  situated  here,  and  some  have  conjectured  that  they  waia  Ofor- 
wMawd  by  liia  Hood  mitioid  ia  ilia  flaioa  chiaakia,  mA  mmo 
Tha  hal  lailiii  of  aa  iiiiad,  nomMngf  Uka  Shappay,  af  cby»  ouy 
|iaihapa,  bava  baan  aairiad  avi^  aboat  thai  tbM* 
'  Tbaiaafa  olbar  laaoidaof  waMaia  tha  aoaaAy  ac  Kaot»  aa  alDaali 
and  at  Dam*  whtia  flhakapaaia'a  alidr»  aa^potad  aatiialyof  ahalkt  haa 
aoibiad  gmly»  and*<iartiaMiHy  dkabiithaa  ki  haigM*  tha  dapa  of  tha 
Mil  boiaftawaida  tha  load.  Aboat  tha  yaar  1810  thin  waa  aa  iauBoaaa 
iMdslip  fMthia  aBl^by  whiah  Dafar  wm  ahakaa  aa  if  by  aa  aanb- 
^Mka^Md  a  still  fnatar  ana  01 177t.t 


Vif.  tl. 
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StfuiU  of  Dwer, — In  proceeding  fram  Um  nofthm  pcrli  of  tbe  Ger- 
niQ  Ocean  towards  the  Straits  of  Dover,  the  water  baooaaa  gvafliiaUj 
m0n  ahallow,  ao  that  in  the  diatanee  of  about  20a  loagiwa  wo  paw  Ikooi 
a  depth  of  120,  to  that  of  98, 38, 84,  and  18  fathoms.  1m  the  atme  am- 
»ar  the  EBgUah  CbaniieldeepeM  pvogieaeifoly  firoB  Dover  to  ita  entraoeey 
fonned  hj  the  Land*a  End  of  Englaad,  and  die  Ido  of  Uahant  on  tbe 
Ckiaat  of  Fianee;  ao  tluit  the  atratt  between  Dover  end  CUaie  maj  be 
eaid  to  part  two  aeea** 

Whether  Englaad  wee  formerly  united  wilb  Pnnee  baa  eAen  been  s 
lavoartte  anbjeet  of  apeeolation ;  and  in  1788  a  aooiety  at  Amiene  pro- 
posed thia  aa  a  anbjeet  of  a  prize  eeaaj,  whioh  waa  gained  by  the  eelo* 
brated  Deanareat,  then  a  young  man.    He  founded  his  principal  argn- 
nients  on  the  identity  of  composition  of  the  clifl's  on  the  opposite  sides  of 
the  channel,  on  a  sub-marine  cliain  extcndituf  iroin  Hoiilotnii;  lo  Folke- 
sloiie,  only  fourteen  feet  under  low  water,  and  on  the  idenuiy  ul  iho 
noxious  animals  lu  England  and  France,  which  could  not  have  swuiu 
across  the  Sirails,  and  would  never  hnve  been  introduced  by  man.  He 
also  attributed  the  rupture  of  tiie  isthmus  to  the  preponderating  violence 
of  the  current  from  the  north. t    It  will  hardly  be  disputed  that  the  ore  an 
might  have  effected  a  breach  through  the  land  which,  in  all  probability, 
once  united  ihia  conntry  to  the  Continent,  in  the  aanie  nianner  as  it  now 
gradually  foreee  a  passage  through  rockaof  the  eame  mineral oompoaitioBy 
and  often  many  hundred  feet  high,  upon  the  ooaat» 

Aithougb  the  time  required  for  such  an  operetioa  waa  prabeUy  very 
great,  yet  we  oennot  eatimate  it  by  referenee  to  the  pieaent  rate  of  weele 
on  both  aidea  of  the  ehannel ;  for  when,  in  tbe  thirteenth  eantnry,  tlio 
sea  borat  through  the  tBthmne  of  Staveven,  which  formerly  nnlied  Frieo- 
lan4  with  North  Holland,  it  opened,  in  ebont  one  hundred  yeara,  a  atrait 
more  than  half  aa  wide  aa  thai  whieh  dividee  England  from  Fkranee,  alter 
which  the  dimenaiona  of  the  new  ehannel  remained  almoat  atationary. 
The  greateat  depth  of  theatraiti  between  0over  and  Calaia  ia  twen^-nino 
iathoma,  which  exceeda  only  by  one  £ithom  the  grealeat  depth  of  the 
Miaaiaaippi  at  New  Orieana.  If  the  moying  colnmn  of  water  in  the  great 
American  river,  which,  as  was  before  mentioned,  does  not  flow  rapidly, 
can  maintain  an  open  passage  lo  that  depih  in  its  alluvial  accumulations, 
still  more  might  a  channel  ol  the  same  magnitude  be  excavated  by  the 
resistless  force  of  the  tides  and  currents  of    the  ocean  stream,*' 

In  framing  these  speculations,  however,  we  nraat  not  overlook  the  great 
etfeeta  which  particular  combinationa  of  cauaee  might  produce  without 

*  8t«Teaton  on  the  Bed  of  the  Germsii  OoeaA.»Ed.  Phil.  Jeam.,  No.  v.  p.  46. 
t  Cavier,  Elogfrde  UemtmtmL 
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Tioliwrii  The  aUk  Mppoiid  ia  tliia  iaalaaaa  to  hava  liaflii  iaaafiid» 
vaa  «f  itMlf  a  BMrina  d«paall»  and  nHt  at  ioaM  paiiad  ha? a  Mnngad 
from  iIm  dsipb  lit  aaajr  liava  baaa  aprtiaad  gndintty»  ai  U»  oaiat  of 
8wadam  widi  iha  bad  af  lha  adjaaam  aaeaa  aad  Balda  aea^  ara  now 

rising  ;*  or  there  mvf  hsva  baaa  oariBaikaw  of  Ittel  in  the  lands  once 

connecting  France  and  England.  In  that  cs«e,  and  especially  if  the 
movements  were  slow,  a  great  iimount  of  cxcavaiinii  inav  have  been  pro- 
duced by  a  comparatively  feeble  power  exerted  by  waves  and  currents 
cutting  through  successive  porUouii  of  the  chalk  as  it  emerg^ed.  And  here 
I  mav  mention,  thai  Virata  of  chalky  rubble  and  sand  found  at  the  base  of 
the  ciitls  iiear  Dover  and  Brighton,  seem  to  indicate  some  chan^n  s  ni  the 
relative  level  of  sea  and  land  since  onrcoatftt  acquifed  a  consiiderabie  part 
of  their  actual  height  and  contour. t 

At  Folkestone,  the  sea  undermines  the  chalk  and  subjacent  strata. 
4bout  the  year  1716  there  was  a  remarkable  sinking  of  a  tract  of  land 
aaar  Iba  aea,  so  that  houses  became  visible  at  points  near  the  shore  from 
whence  Ihaf  conld  not  be  seen  praviaatly*.  In  the  description  of  this 
aabaidaftce  in  the  Philoaaphiaal  Transactiaaa,  it  ta  aiid,  that  the  land 
consisted  of  a  solid  slaaf  mass  (chalk)*  mttng  on  wet  clay  (gauh),  so 
that  it  slid  forwards  towards  the  Ma,  jttst  as  a  sbip  ia  laanahad  aa  taUow^ 
ad  plaaha."  It  is  also  staitd  that,  within  lha  mtm/rj  of  panoni  than 
tiviaf*  d»  cliff  thm  had  bacii  waahid  awajr  to  tha  aztaat  of  tmod84 

EMoadnMBli of  tha  aca  at  Hjrdia  aia  abo on  laaaids  bat  batvaan 
tUa  paint  ttid  Bfe  Ihiia  hai  baaa  a  gahi  of  laad  withn  tha  ti^ 
toiji  tlM  aah  1ml  tcaot  oriiad  RonnMf  BCanh*  or  Dangonaaa, 
ittSm  in  vidlh  and  tva  in  biandth,  and  fonnad  of  ailt,  bating  laeaifad 
gtoat  aBoaaiian.  It  baa  boNi  aaaanMaj,  howarar,  to  ptoliet  it  IroaB  tha 
aaa,  ftoa  dw  aatliMt  parioda«  bj  aabanhnnnti,  tba  tomia  af  Lydd  and 
Romney  being  tha  m^j  p«ta  of  tha  matih  abvto  dia  laval  of  tba  highest 
tides.^  These  additions  of  land  are  exactly  opposite  that  part  of  the 
English  Channel  where  the  conflicting  tide-waves  from  the  north  and 
south  meet ;  for,  ns  thai  from  the  m^rih  is,  for  reasons  already  explained,  ihe 
most  powerful,  iliey  du  not  neutralize  each  other's  force  till  they  arrive 
at  ihis  distance  from  the  straits  of  Dover.  Rye,  on  the  south  of  this 
tract,  was  once  destroyed  by  the  sea,  but  ii  is  nrnv  two  miles  distant  from 
it.  The  neighbouring  town  of  Wincheisea  was  desiroypd  in  the  reicrn  of 
Kdward  I.,  the  mouth  of  the  Rother  stopped  up,  and  the  ri\er  diverted 
into  another  channel.  In  its  old  bed  an  ancient  vessel,  apparently  a 
Dutch  mefcliantmao,  was  recently  found.  It  was  built  entirely  of  oak, 
and  much  bUckened.U  Laifa  qaaatitiea  of  haiai-ttats»  paat,  and  wood 
*aw  tend  in  digginf  in  Pomnay  nMiah. 

*  See  Book  ii.  ch&p.  17.  t  See  Book  iv.  chap.  22. 

%  Fhil.  Trans.,  1716.  §  On  the  authority  of  Mr.  J.  Mery  on,  of  Rye. 

I  Sdio.  Joain.  of  8oi.,  No.  ilx.  p.  00. 
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SoiUh  Coa»t  if  fngldnif.— To  pwa  over  tome  poiali  near  HisUagf, 
where  the  difi  hsTe  watted  et  eeveni  perioda*  we  arrive  at  the  promoa- 
tory  of  Beachy  Head.   Here  a  maaa  of  chalk,  three  hundred  feet  in 

length,  and  from  seventy  to  eighty  in  breadth,  fell,  in  the  year  1813,  with 
a  trenientioub  crash  ;  and  similar  slips  have  since  been  irequeiU.* 

Sussex.-— Xhout  a  mile  to  the  west  of  the  town  of  Nevvliavea  the  re- 
mains of  an  ancient  entrenchment  are  seen,  on  the  brow  of  Castle  Hill. 
TliiH  earth-work,  supposed  to  be  Roman,  was  evideiuly  ont  e  of  consider- 
able extent  a.nd  of  an  oval  form,  hut  llie  greater  part  has  been  cut  away. 
The  clilTs,  which  are  undermined  here,  arc  high ;  more  than  one  hundred 
feet  of  chalk  being  covered  by  terliiiry  clay  and  sand,  from  sixty  lo 
aeventy  feet  in  thickness.  In  a  few  centuries  the  last  vestiges  of  the 
plastic  clay  formation  on  the  southern  borders  of  the  chalk  of  the  SoQth 
Downs  on  this  coast  will  be  aonihilated,  and  future  geologists  will  learn, 
from  historical  documents,  the  ineieDt  geographical  boundariee  of  thia 
group  of  atrata  in  that  direction.  On  the  opposite  side  of  the  eetoeij  oC 
the  Ouse,  on  the  east  of  Newhaven  harbour,  a  bed  of  shingle,  compoeod 
of  chalk  flints,  derived  from  the  waate  of  the  adjoining  clifb,  had  accamn- 
lated  at  Seafofd  fiir  aeveial  eentariee.  In  the  great  atorm  of  November* 
18S4,  thia  benk  wae  entirely  a  wept  away,  and  the  town  of  Seaford  fnnn- 
dated.  Another  gieat  beach  of  ahingle  ie  now  forming  from  freeh  materiale. 

The  whole  eoaat/of  Suaaez  haa  been  inoeaaantly  eneroaehed  upon  by 
the  eea  from  time  immemorial ;  and,  althoogh  audden  innndationa  only, 
which  overwhelmed  fertile  or  inhabited  tracts,  are  noticed  in  history,  the 
records  atteat  an  extraordinary  amount  of  loas.  Doring  a  period  of  no 
more  than  eighty  years,  there  are  notices  of  about  twenty  inroads,  in 
which  iracu  of  land  of  from  twenty  Xo  four  Iiundred  acres  in  extent  were 
overwhelmed  at  once;  the  value  ol  the  lilhes  being  mentioned  by  Nicho- 
las, in  his  Taxaiio  Ecclesiastica.t  In  the  reign  of  Elizabeth,  the  town  of 
Biii^hion  was  situated  on  that  tract  where  the  chain  pier  now  extends 
into  the  sea.  In  the  year  1G65  twenty-two  tenements  had  been  destroyed 
under  the  cliff.  At  that  period  there  still  remained  under  the  cliff  il3 
tenements,  the  whole  of  which  were  overwhelmed  in  1703  and  1705. 
No  traces  of  the  aucient  town  are  now  preceptibie,  yet  Uiere  is  evidence 
that  the  sea  has  merely  resumed  its  ancient  position  at  the  base  of  the 
ciifiii,  the  aite  of  the  old  town  having  been  merely  a  beach  abandoned  by 
the  ooean  for  ages. 

Hamp$hirt — hie  of  Wight. — It  would  be  endless  to  allude  to  all  the 
localities  on  the  Sussex  and  Hampshire  coasts  where  the  lend  has  given 
way ;  bat  f  may  point  out  the  relation  which  the  geological  stroeture  of 
the  ble  of  Wight  bears  to  its  present  shape,  as  atteetiog  that  the  coeel^ 

•  Webater,  Geol.  Trans.,  vol.  ii.  p.  198. 
\  Montell,  Geology  of  Sussex,  p.  )im. 
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pmm  iM  omUM  to  the  oontinued  maikm  of  the  Mtu  Tbniiifh  iha  middle 
ef  Ibe  Irieiid  nme  e  lugh  ndfe  oC  efaalk  etntet  In  %  Yeriieei  poeitioo,  and 
ioftdifeetioneeeleiid  weet  Thie  ebalk  forme  Ibe  piojectiiig  jifooioDtofy 
of  Colter  cuff  on  the  eaew  e«d  of  the  Needlee  on  the  weit;  while  Sen* 
dowa  Bey  on  the  omb  eidot  end  Compton  Bej  on  the  qthert  baYe  been 
hoOowed  out  of  the  ioAer  eeode  and  aigillaeeooe  etcata,  whieb  ave  inlerior 
tolheehalk. 

The  eeme  phenomena  aie  lepealed  In  Ihe  Ide  of  IVubeeb,  wheie  the 
line  of  vettieal  ehelk  fonne  the  prijeetinf  piomontory  of  Haodfaat  Point ; 
mid  Swanage  Bay  maifca  the  deep  enoafatioa  made  by  the  vafoa  in  the 
eofW  etiata*  eomapondiiif  to  thoee  of  Saodown  Bay. 

Huftt-Casth  Bank* — The  entrance  of  the  channel  called  the  Solent  is 
becoming  broader  by  the  wiiste  of  the  cliffs  in  Colwell  Bay  ;  it  is  crossed 
for  iin»re  than  iwo-ihinls  of  its  wichli  by  the  sliingle  bank  of  Hurst  Castle, 
whicii  IS  about  seventy  yards  broad  and  twelve  feet  high,  presenting  an 
inclined  plane  to  the  west.  This  singular  bar  consists  of  a  bed  of 
rounded  chalk  flints,  resting  on  a  submarine  argillaceous  baste.  The 
^inis  and  a  few  other  pebbles,  tuieiniixed,  are  exclusively  derive liom 
the  waste  of  Ilordwell,  and  other  clilfs  to  the  westward,  where  tertiary 
strata,  capped  with  a  covarii)|(  of  chalk  flittta,  irom  Hvo  to  Mky  ffiat  thick* 
are  rapidly  undermined. 

Storm  of  Nov.  1824. — In  the  great  storm  of  November,  1824,  this 
hank  of  ahiagle  waB  moved  bodily  forwarda  for  forty  yards  towards  the 
aorth-eeat;  and  ceruin  piles  which  aerved  to  mark  the  boundaries  of  two 
manoia*  wete  foaad»  after  the  atoraif  on  the  oppoeile  aide  of  the  bar.  At 
the  same  time  many  aeiea  of  paatoio  Umd  weie  eovered  by  ahiagle^  on 
the  laim  of  Weetofert  near  Lymington* 

The  eU0b  between  llumt  Shinfle  Bar  and  the  month  of  the  Sloar  and 
Avon  am  nndermioed  oontinnaUy*  Within  the  memoiy  of  peiaona  now 
Bving^  it  hae  been  neeeeaary  thrice  to  remove  the  ooaa^ioed  farther  inland. 
The  tiaditiont  4herefoie«  ia  probably  true,  that  tlie  ebareh  of  Hordwall 
nraa  ooee  in  the  middle  of  that  pariab»  although  now  very  near  the  aea. 
The  promontory  of  Chrtat  Chnreh  Head  gives  way  slowly.  It  ia  the 
only  point  between  Lymingtoo  and  Poole  Harbour  in  DorMiahire,  where 
any  hard  atony  masaea  ooeur  in  the  cliff.  Five  layers  of  large  ferrugi- 
nous concretions,  somewhat  like  the  seplaria  of  the  London  clay,  have 
occasioned  a  resistance  at  this  point,  to  whi(;h  we  may  ascribe  tins  iiead- 
land.  In  the  meantime,  the  waves  have  cut  deeply  into  the  soft  sands 
and  loam  (jf  Poole  liay ;  and,  after  sei'ere  frosts,  great  landslips  take 
place,  which,  by  degrees,  become  enlarged  into  narrow  laviiie^,  or 
chines,  as  they  are  calle<),  with  vertical  sides.  One  of  these  chines  near 
Bo.-<  iMnh,  has  been  deepened  twenty  feet  within  a  few  years.  At  the 
head  ot  each  there  ia  a  apriug,  ike  watera  of  which  have  beea  chieliy 
Vol.  L— 8  I 
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ins(Tiiment'\1  in  producing  these  narrow  excavatioWy  vbiek  are  someiiaifii 
from  100  to  1 50  feet  deep. 

hie  of  Portland,'— 'The  peninsulas  of  Purbeck  and  Portland  are  ooih 
tinoally  wasting^  away.  In  the  latter,  the  soft  argillaceous  sabstrMoi 
(Kimmeridge  dbj)  bailan  Um  dUapidaiioA  of  the  Mpetiiiciiiiibeni  ami 
1^  limestone. 

In  1666  the  cliffii  adjoieiog  the  principal  querries  in  Portland  gare 
ID  the  extent  of  100  yu&Bt  and  fell  into  the  een ;  end  in  December,  1714^ 
e  elide  to  the  extent  of  160  yinle  oeeegied  on  the  eiet  eide  of  iho  ieK  hf 
whieh  eevenl  eMelooe,  biuied  between  elebe  of  eio«o»  weio  dleeoteied. 
Bet  e  mgeh  mote  memofible  oecnrienee  of  thie  wtwot  in  179t,  oeoh 
•ioned  piobablj  by  the  nndermtning  of  the  eliifiit  ie  thee  deeeribed  m 
Botdihii'e  History  of  Doieetifaiie:  ••Eerly  in  the  uHmiief  the  reed  wm 
obteired  to  ereek :  thie  eontinoed  ineieeiieg,  end  befiMO  two  o'eiock  Hm 
groend  hed  annk  leferd  feet,  end  wee  in  one  eontioned  motiont  bet 
nttended  wilh  no  other  noiee  tiien  wliet  wee  oeeaeieoed  by  tiw  eB|ie>etien 
of  the  roots  end  bnunUes,  end  now  end  tlien  a  fklling  roek.  At  niglrt  it 
BGemed  to  stop  a  little,  but  soon  moved  again ;  and  before  morning,  the 
ground,  from  llie  top  of  llie  cliff  to  the  water-side,  hnd  sunk  in  some 
places  fifly  leei  perpendicular.  The  extent  of  ground  that  moved  v\  :  < 
about  a  miU  and  a  quortu  horn  uorUi  tu  souiii,  and  t>OU  yards  trooi  east 
to  west. 

Fonnalion  of  lite  Chtaii  Ban/:. — Portland  is  connected  wilh  the  main 
land  bv  the  Chesil  Bank,  a  rlilL^c  of  shingle  nbont  ^pvpntpen  miles  in 
length,  and,  in  most  places,  nearly  a  quarter  of  a  mile  in  breadth.  The 
pebbles  forming  this  immense  barrier  are  chiefly  of  limestone ;  but  there 
ere  many  of  quartit  j**per,  chert,  and  other  substances,  all  loosely  thrown 
together.  What  is  singular,  ther  gradually  increase  irt  size  from  west 
Id  east — from  the  Portland  end  of  the  bank  to  that  which  ettnehes  to  the 
mehi  land.  The  formation  of  this  bar  may  probebiy  be  ascribed,  like 
that  of  Hem  Castle,  to  e  meeting  of  tides,  or  to  e  eobmenee  elioal  er 
Teef  between  the  peniosole  end  the  lend.  We  Imo  eeen  tbet  eligbil 
obetnietione  in  the  coorse  of  the  Gengee  wiB  enose»  in  the  ooniie  of  % 
men's  lilb,  isfamds  meny  timee  latger  then  the  whole  of  PsiHendt  end 
whidit  in  eone  eeseSt  eonsiet  of  e  eolomn  of  eerth  mora  then  lOi  iml 
deep.  In  like  nenner  those  traneported  raeteiials  whIeh  eie  emnelly 
swept  eway  from  leige  treeie  of  oer  eoeet,  mey  gite  tiee,  wheresor  thsy 
eneonnter  eny  impediment  hi  their  eoono,  to  bsnke  of  eend  end  ehingle 
many  miles  in  length.  The  eomee  of  the  ehingles  in  ]lorsoieWio»  end 
on  the  shorae  of  6oseex  end  Kent,  appears  In  be  litom  west  to  eeet,  dm 
pravelent  winds»  end*  eenseqnently,  the  chief  feroes  of  the  waves,  being 
in  thet  diraetion.*   The  storm  of  1824  burst  over  the  Cheeil  Benk  wifk 

•  0ae  Pabnsr  so  Motion oTBhuigle  Besebes,  Phfl.  Tkaas.,  l&M,  |>.  6661 
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gfMt  fiiiji  and  ibt  vilUge  of  CMltoiiv  bniU  «pm  in  mtlMni  msHtmity^ 
wmm  ovefwMiMd,  with  mmny  of     inhalntaiitik  The  faDdamsiilal 
wiiiereoa  the  shingle  rests  are  found  at  the  depth  of  a  few  yards  onl^ 
below  the  level  of  the  sea. 

This  same  storm  carried  away  part  of  the  Breakwater,  at  Plymoulli, 
and  huge  masses  of  rock  i'tom  two  io  live  tons  in  weight,  were  lifted 
from  the  bouufu  of  the  weather  side,  and  rolltnl  fairly  to  t)ic  top  uf  the 
piie.     One  block  of  limestone,  weighing  seveu  lous,  was  washed  round 
the  western  extremuy  of  the  Breakwater,  and  carried  150  feci.*    It  was 
in   the  same  month,  and  also  during  a  spring- ude,  that  a  great  tiuod  la 
mentuMied  on  the  coasts  of  Enfjland,  in  the  year  1099.    Florence  of 
Worcester  says,  "  On  the  third  day  of  the  nones  of  iNov.  iUUU,  the  sea 
came  out  upon  the  shore«  and  buried  towns  and  men  very  many,  and 
oxen  and  sheep  inmunarable.**    We  also  sead  m  the  Saxon  Chronicla^ 
already  cited,  for  the  yeai  1O0O,  V  Thtt  year  ake  on  S4i  Martio's  maM 
day,  the  11th  of  NovanbMi  fprung  up  so  much  of  the  sea  flood,  and  ao 
nyckle  bam  «i|d»  aa  no  man  aiodad  thatU  mv  afonr dad*  and  Ukaaa  vat 
(he  jUt  day  a  new  moon.'* 

J)^ruiihin~  'Jhwrntkln-^^fmBoU^ki  Lyw  Sagiay  in  Qoiaa^ 
aluf^r  Um  "  Cfannh  Cliffs,'*  aa  thaj  aia  called,  maiaiiac  of  liaa  abont 
100  faal  in  Mfht,  hafa  giadnaUj  faUan  away,  ai  tlM  lala  of  oao  yard 
m  jaar,  ainoa  1800.t  Tha  flUffa  of  Davonabum  and  Comwalt,  whiab 
are  duefly  coapoaad  of  bard  loeka,  decay  less  rapidly.  Near  Pensaaeo 
in  Cornwall,  thaie  ia  a  piijoetiog  tongne  of  land,  eallad  die  **  Green,'* 
fatmad  of  granitie  sandt  from  whicb  mora  than  tbirty  acrea  of  paatare 
land  havo  lieeu  gradaaUy  awopt  away  in  the  eottrae  of  the  laat  two  or 
three  centuries4  It  is  also  said  that  St.  Micbaei'a  Mount,  now  an  insular 
rock,  was  formerly  situated  in  a  wood,  several  miles  from  the  sea  ;  atul 
iii  uid  Cornish  n;irau  (Caraclowse  in  Cowse)  signifies,  acconlin':  lu 
Carew,  the  IIiKire  ]{ock  in  the  ^\  oijd.^  Belwf  i  n  the  iVlounl  and  iNew- 
lyn  there  is  seeii  under  the  sand  black  ve^ciable  uiouKI,  full  of  hazel  nuts, 
and  the  branches,  leaves,  roots,  and  trunks  of  forest  trees,  all  of  indige- 
BOijy  species.  This  vegetable  stratum  has  been  traced  seaward  as  far  as 
the  ebb  permits,  and  seems  to  indicate  soma  aneient  eatuary  cm  that 
alio  re. 

Tradition  of  loss  of  land  in  Cornwall.^Thc  oldest  historians  OMatiOA 
a  celebrated  tradition  in  Cornwall,  of  the  submersion  of  the  Lionnesse,  a 
eountvy  wbiah  formerly  atietcfaed  iirom  the  Laud*a  £nd  to  the  SciU/ 

t  XhiH  rrri  Hind  wiu!  measureti  by  Dr.  Carpentrr  nf  Lyme,  in  If^OO,  and  ntrain  in 
l&St)f  as  i  aai  laforuied,  by  MiM  Mary  Anoiog  of  Lyme,  well  knowa  by  her  diaco- 

t  "BtmmpTnm,  Beyal  Gael.  0oo.  of  GofawaO,  veL  ii.  p.  UB. 
I  AM.  p.  196. 
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blandi.  Tlie  traet,  if  it  exiited,  mmt  been  thirty  miles  in  length, 
flod  perhapc  ten  in  breadth.  The  lend  now  temaining  on  either  eideia 
firom  300  to  900  feet  high ;  the  intemning  eea  about  800  feet  deep. 
Although  there  ie  no  evidenee  for  thia  romantic  tale,  it  probably  origi- 
nated in  some  eataatrophe  occaaioned  by  former  inroeds  of  the  Athuuie 
upon  iliis  exposed  coast.* 

ff'est  roast  of  £n£^  I  and. -^ll^y'ing  now  brought  together  an  ample  body 
of  proofs  of  llie  desiructivc  operations  of  the  waves,  tides,  aud  currents, 
on  our  easkni  and  souiiieru  shores,  it  will  be  unnecessary  to  enter  into 
details  of  clianges  on  the  western  coast,  for  they  present  merely  a  repeii- 
tiun  of  the  same  phenomeua,  and  in  p;eneral  on  an  inferior  scale.  On  the 
borders  of  the  estuary  of  the  Severn  the  flats  of  SonK^i>t^iblitre  and  (ilou- 
cestcrshire  have  received  enormous  accessions,  w!u!e,  on  the  other  Jiand, 
submarine  forests  on  the  coast  of  Cheshire  and  Lancashire  indicate  the 
overflowing  of  alluvial  tiacts.  Since  the  year  1704,  the  coast  of  Cheshire 
between  the  rivers  Mersey  and  Dee  has  lost  many  hundred  yards,  and 
eorae  affirm  more  than  half  a  mile,  by  the  advance  of  the  aea  npon  the 
ebnipt  cliffs  of  red  elay  and  marla.  Within  the  period  above  mentiooed 
several  light-houses  have  been  successively  abandoned.f  There  ere  tie* 
ditiona  in  Fembrolieshirel  and  CaRUgaoshire§  of  far  greater  loaeee  of 
territory  than  that  which  the  Uooneaee  tale  of  Cornwall  pretende  to  eoni- 
memoiale.  They  are  all  important,  aa  demonetrating  thai  the  eeilieal 
inhebttanta  were  familiar  with  die  phenomenon  of  inenraiona  of  the  eea« 

Zet a  of  Umd  on  the  coast  of  JVonee.— The  Fkeneh  eoast,  partieniafly 
tet  of  Brittany,  where  the  tidee  riae  to  en  eztraordinery  height,  ie  the 
oonatant  prey  of  the  wavee.  In  the  ninth  eentory  many  villagea  end 
wooda  are  reported  to  have  been  carried  away,  the  oonat  nndergoing  great 
aliange,  whereby  the  hill  of  St.  Michael  waa  deteehed  from  the  maiB 
land.  The  periih  of  Bonrgnenf,  and  eereral  othera  in  Uiai  neighboof 
hood,  were  oTerfiowed  in  the  year  1000.  In  1785,  daring  a  great  atonn, 
the  mine  of  Palnel  were  aeen  nneoreied  in  the  8ea.|i  A  romantic  tradi- 
tion, moreover,  has  descended  from  the  fabulous  ages  of  the  destruction 
of  the  soulh-wesiern  part  of  Brittany,  whence  sve  may  probably  infer 
some  great  inroad  of  ihu  nca  al  a  remote  period.^ 

«  i^oase,  Traati.  Royftl  Geol.  Soc.  of  Uoruwaii,  vui.  u.  p.  iUu. 
t  SlsmNQ,  Jaaisaso*!  Sd.  New  ?hU.  Jonm.  No.  8,  p.  88fk 

I  GaindeB,  who  eites  GynOdiit,  alM  Raj, «  On  the  Dtlage,**  Fhjpa.  TheoL  p»fSKk 

)  Mevrick's  Cardigan. 
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▲CTIOM  or  TIDES  AND  CU&R£NTfl — COtUiflUed.  - 

Aetioa  of  tidea  azui  currenU,  confmue^i-olnroads  of  the  sea  upon  the  delta  of  the 
Rhinje  in  HoUand— -changes  in  the  arms  of  the  Rhine — Estuary  of  the  Bie»  Bosch, 
IbnoMd  in  1481— Zojdtr  Zm,  ia  tbi  13lli  otntniy— Itkoag  deitioy«d— Delta  of 
the  Bnw  eonverted  into  n  bay— Brtouy  of  tho  Dolhrt  Ibnnod  (p.  273.)— Enoroaeh^ 
mvnt  of  the  sea  on  the  coast  of  Sleswick — On  shores  of  North  America— Tidal 
wave,  called  the  Bore — Influence  of  tides  and  currents  on  the  mean  level  of  seas — 
A«^t!on  of  curri'uts  in  inland  lakes  and  seas — Baltic — Cimbrian  dehige  (p.  27o.) — 
Straits  of  Gibraltar — No  under-current  there — Whether  salt  j«  precipitated  in 
Uie  Mediterranean — Waste  of  shores  of  Mediterranean. 

Jhrootfff  9fih€  tea  ai  tki  numthB  ofth$  J?Mnc-^Tn  line  of  Britith  ootit 
eoDstdered  In  the  praceding  chapter,  oSSntd  no  example  of  the  conflict  of 
two  greet  tntagoniet  fofeae;  ilie  entnnoe,  on  the  one  hendt  of  e  river 
draining  a  large  continent,  and  on  the  other,  the  fltix  and  redox  of  the 
tide,  aided  by  a  strong  current.  But  when  we  pass  over  by  the  Straits  of 
Dovi  r  to  the  Contiuciit,  am!  proceed  northwards,  we  find  an  admirable 
illustr.iliuri  ot  siicli  :i  coiitt'sl,  where  the  Rhine  and  llie  ocean  aiu  opposed 
to  eacli  other,  eacli  diiipuling  the  ground  now  occupied  by  Holland  ;  the 
one  strivinc^  to  shape  out  an  estuary,  the  oilier  to  form  a  delta.  There 
■wri.^  fvuleiiily  a  period  whuu  die  river  obtained  the  ascendency,  when  the 
shape  of  the  coast  and  set  of  the  tides  were  probably  very  different; 
bnt  for  the  la«5t  2000  years,  during-  wbirh  man  has  witnessed  and 
actively  participated  in  the  struggle,  the  result  has  been  in  favour  of  the 
ocean  ;  the  area  of  the  whole  territory  hairing  become  more  and  more  cir- 
eameeribed ;  natural  and  artificial  barriers  having  given  way,  one  after 
another ;  and  many  hundred  tboosand  hnman  beings  having  perished  in 
the  wavee. 

donges  in  the  arms  of  the  Rhine, — ^The  Hhine,  after  flowing  from  the 
Grison  Alps,  copiously  charged  with  sediment,  first  purifies  itself  in  the  . 
Lake  of  Constanee,  where  a  large  delu  is  formed;  then,  swelled  by  the 
Air  and  nomeront  other  trihotaries,  it  flows  for  more  than  000  miles 
towards  the  north  s  when  entering  a  low  tnet,  it  dividee  into  two  anns, 
aorth  of  Gloves, 'a  Ullle  below  the  village  of  Panneiden— a  point  which 
must  thevilbm  be  considered  the  hesd  of  its  delta.  In  speiddng  of  the 
delta  I  do  not  mean  to  sssnme  that  all  that  part  of  Holland  whieh  is^eom- 
prised  within  the  several  arms  of  the  Rhine  can  be  called  a  delta  in  the 
ilrieteat  seoie  of  the  term ;  beeaose  some  portion  of  the  country  ihns  cir- 
enmseribed,  as  for  example,  a  part  of  Gddetland  and  Utrecht,  consists 
of  strata  which  may  have  been  deposited  in  the  sea  befora  the  Shine 
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existed.  These  older  tracts  may  either  have  been  raised  like  the  Ullah 
Buod  ia  Catch,  during  the  period  when  the  sediment  of  the  Rhine  was 
eon  verting  a  part  of  the  sea  into  laodt  or  they  imy  heve  eonetitated 
islands  previously. 

When  the  river  divides  north  of  Cleves,  the  led  arm  lakes  the  name  of 
the  Waal ;  and  the  rigbtt  retaining  that  of  the  Rhine,  ja  eonnected,  a  Utile 
farther  to  the  north,  hy  an  artifieial  canal  with  the  river  Yaael.  Still 
bver  down,  the  Rhine  lakee  llio  naoM  of  the  Leek,  a  Mine  which  wta 
given  to  dielinguiah  it  from  another  arm  called  the  old  Hbloe,  which  was 
sanded  up  until  after  the  year  1625,  when  a  channel  was  cot  for  it,  by 
which  it  now  enters  the  sea  at  Catwyck.  It  is  common,  in  all  great  del* 
tas,  that  the  principal  channels  of  discharge  should  shift  fnun  time  lo  time ; 
but  in  Holland  so  many  magnifieent  canals  have  heen  eonalroeied,  and 
have  so  diverted,  from  time  to  time,  the  course  of  the  waters,  that  the  geo- 
graphical changes  in  this  delta  are  ciidlcs?',  :uid  their  history,  since  the 
Roman  era,  forms  a  cuinplicated  topic  of  antiquarian  research.  The  pre- 
sent head  of  the  delta  is  about  forty  geographical  miles  from  the  iiearesi  [>;irt 
of  the  ffuir  called  the  Zuyder  Zee,  and  more  than  twice  that  distance  frum 
the  general  coast  line.  The  present  hend  of  tlic  delta  of  tlie  Nile  is 
about  80  or  90  geographical  nules  Irom  the  sea;  that  uf  ihc  (ranges,  as 
we  before  stated,  220;  and  that  of  the  Mississippi  about  180,  reckoning 
from  the  point  where  the  Atchafalaya  branches  off,  to  the  extremity  of 
the  new  tongue  of  land  in  the  Gulf  of  Mexico.  But  the  comparative  dis- 
tance between  the  heads  of  deltas  and  the  sea  affords  scarcely  any  data  for 
estimating  the  relative  magnitude  of  the  alluvial  tracts  formed  by  their 
respective  rivers.  For  the  ramifications  depend  on  many  varying  and 
temporary  circumstances,  and  the  area  over  which  they  extend  does  not 
hold  any  constant  proportion  to  the  volume  of  water  in  the  river. 

The  H^ine  therefore  has  at  present  three  mouths*  About  two-thirds 
of  its  waters  flow  to  the  sea  by  the  Waal,  and  the  remainder  is  carried 
pardy  to  the  Zuyder  Zee  by  the  Ysssl,  and  partly  to  ths  ocean  by  the 
Leek.  As  the  whole  coast  to  the  south,  as  far  as  Osiend,  and  on  the 
north,  to  the  entrance  of  the  Bslttc,  has,  with  few  exceptions,  from  time 
immemorial,  yielded  to  the  force  of  the  waves,  it  is  evident  that  the  delta 
of  the  Rhine,  if  it  had  advanced,  would  have  become  extremely  promi* 
nent;  and  even  if  it  had  remained  stationary,  would  long  ere  thijs  fiavu 
projected  far  beyond  the  rounded  onilme  of  the  coast,  like  lli:U  sirip  uf 
laiid  ulieady  described,  at  the  moitih  ol  the  Mississippi.  But  we  find,  on 
the  contrary,  that  the  islands  which  skirl  the  coast  have  not  only  lessened 
in  size,  but  in  number  also,  while  great  bays  have  been  formed  in  the  luie- 
rior  by  incursions  of  the  sea.  I  shall  conhne  myself  lo  ihe  enumeration 
of  some  of  the  leading  facts,  in  confirmation  of  these  views,  and  begin 
with  the  southernmost  part  of  the  delta,  where  the  Waal  enters,  which  is 
at  present  united  with  the  Mouse,  in  the  ssme  manner  ai|  an  arm  of  tlie 
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P0,  before  mratiowBd,  tiae  Womm  emiflwnit  with  the  Adi^.  The  Meute 
once  s  eomiBon  embooehare  wllh  the  Scheldt,  by  Sluys  and  Ost- 
bur^j,  but  this  channel  was  afterwards  sanded  up,  as  were  many  others 
between  Walcheren,  BevelaiiU,  and  oiher  :ii  the  mouths  of  these 

rivers.  The  new  accessions  were  almost  all  vvuliin  the  coast  line,  and 
Nvere  far  more  than  counterbalanced  by  inroads  of  tiie  r^ua,  wlipreby  large 
tracts  of  land,  and  dunes  of  blowsi  smid,  logeilier  wiili  wuviis  aiui  villages, 
were  swept  away  between  the  toiirtct^iiih  nful  fio;lii('enih  eenUirie"^.  Bp- 
eides  pans  of  VVnlrheren,  Bevi  land,  and  several  piipulous  districts  inKad- 
xa.Dii,  the  i^hml  Onsant  was  in  the  year  1058  entirely  annihilated. 

Inroads  of  the  sea  in  Holland. — One  of  the  most  memorable  irruptione 
occurred  in  1421,  where  the  tide  pouring  into  the  mouth  of  the  united 
MeQM  and  W«d«  tmntthfough  a  dam  in  the  dietriol  named  Berfse-Veld, 
nnd  overflowed  seTenty-lwo  viHages,  fomiiiig  ft  laige  sheet  of  irater  eaUed 
the  Biea  Boeeh.  Thirty-five  of  the  viUagea  were  irretrievaMy  leaf,  andoe 
▼estite  even  of  iheir  nriiti  iraa  alVerwaida  aeen.  The  reat  weitt  tedeemed, 
end  theaile  of  the  oihera,  thoafh  atiU  fwy  geneiraliy  lepfaaenied  on  mmf§ 
ftft  an  eatnaiy,  baa  In  fbet  been  gradaally  illed  op  hj  ellnvial  depealie» 
tod  n  now,  »I  am  infotaed  by  ProAeaor  Mol]»  an  immenao  plain,  yieM* 
ing  ftbnndant  eropa  of  hay,  though  ilill  nninhabited;  To  ihe  north  of  the 
Meoae  la  ft  long  line  of  ahote  coveted  widi  aahd  dnnea,  where  great  en- 
cfooehmenta  heve  taken  piaoa  from  lime  to  Umo,  hi  eonaaqnonee  ehiedy 
af  Ao  prevalence  of  eoolh-eaaterly  winda  whieh  Uow  down  Che  aanda  to*' 
waarda  the  eeft*  The  chntth  of  8eheventngen,  not  fbr  ffom  the  Hagne, 
was  once  in  the  middle  of  the  vIOage,  and  now  aianda  on  the  ahora ;  half 
the  place  having  been  overwhelmned  by  the  wftfOi  in  1670.  Catwyck, 
once  r.ir  lioni  ihe  sea,  is  now  upon  the  shore ;  two  of  its  streets  having 
been  overflowed,  and  laud  torn  away  lo  llic  exleiil  ul  200  y;(rils  id  1719. 
It  is  only  by  aid  of  embankments,  that  Petten,  and  several  other  places 
fafiher  north,  liave  been  defended  against  the  sea. 

Formafvm  of  the  7,nyder  Zee  and  S'lr(ii(s  of  S/drfrrn.'-^uW  more  ifii- 
portanl  are  itie  ch;it\L'^cs  which  hnve  Inken  [>]acc  on  ttie  coast  oppusile  liie 
right  arm  of  the  liiiiac,  or  the  Vssel,  where  the  ocean  has  bur?<t  through 
ft  large  isthmus,  and  entered  the  inland  lake  FMevo,  which,  m  ancient 
tiroes,  was,  aceordiog  to  Pomponius  Mela,  formed  by  the  overflowing  of 
the  Rhine  over  certain  low  lands.  It  appears  that,  in  the  time  of  Tacitus, 
Iheio  were  aeveral  Ulies  in  the  present  site  of  the  Zuydcr  Zee,  between 
Frleeiand  and  Holland.  The  soeeeaalve  inroads  by  which  theae,  and  a 
grant  port  of^  die  adjoining  territory,  were  transformed  into  a  great  gulf, 
began  niiout  the  commencement,  and  were  completed  towards  the  doeeof 
the  thirteenth  eeninry.  Aldng  given  the  following  relation  of  the  occur- 
fence,  draim  flrom  mannaeript  doeumenla  of  eontemporary  inhabitania  el 
die  netghboiiring  provmeea.  In theyear  ISOi,  die iaIandnoweaUed  Wie- 
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xingiBy  to  the  toith  of  tiw  Ttmd^  wai  itlll  »pft0f  tto  miinliBd,lMii*»- 
ingtefflfil  high  floodii  of  wUohtliedilMtn  gifaii»  eoding  in  DeoBiBher, 
lS51t  it  was  iepiitted'iima  Um  coatiiiiol.  By  ■obi«9«»t  iBrniwIdMi 
tlMMmcootiiBMd |«Ml  ptttt  of  tho  riofa  and popoknt  iathnma,  olow  met 
which  itretehed  on  tho  north  of  Laka  Flovo,  balwaoo  Stmfomi  in  Frie^ 
landf  and  ModomUlok  in  HoUaadt  liU  at  length  a  hraobh  waa  eomplalal 
abont  the  yaar  IS8S9  and  aftenraida  widonad.  Qmat  daotmctioii  of  land 
loolt  plaao  whoa  tho  aaa  fi»at  bniko  iavoad  naiij  towna  wovaawopt  away ; 
bat  there  was  afterwaids  a  reaetUm  to  a  certain  extent,  large  tnets  at  fint 
submerged  havini/  been  gradually  redeemed.  The  new  straits  soiiih  of 
Slaveren  are  more  ihaii  half  the  width  of  those  of  Dover,  but  arc  vcrj- 
shiiHow,  the  greatest  depth  nut  exeeedmi:  two  or  liiree  laihom.^.  Tlic  new 
bay  16  ol  a  auinewhat  circular  form,  rnul  l^etwcen  thirly  aud  Jorly  miles 
in  diametrr.  How  much  of  this  space  may  forineriy  have  been  ocoupted 
by  Lake  Mevo,  is  unknown. 

Destruction  of  Islands. — A  series  of  islands  stretching  from  the  Texel 
to  the  mouths  of  the  Weser  and  Elbe,  are  f Milcnlly  the  last  relics  of  a 
tract  ooce  continuous.    They  have  greatly  diminished  in  size,  and  have 
lost  about  a  third  of  their  number  since  the  time  of  Pliny ;  for  that 
natoraiiet  coootod  twaniy-Uirca  ialaaJs  between  the  Texel  and  Eider, 
whereas  there  ara  now  only  sixteen,  including  Ualigoland  and  Neuwerk.* 
UoUfohind,  at  tho  mooth  of  the  £lbe,  began  in  the  year  800  to  be  Mch 
oonawnad  bj  tho  wafaa«  In  tho  yeaia  laOO,  16/00 f  and  1649,  other  fiarti 
wore  awcpt  away,  till  at  last  a  small  portion  only  of  the  original  inland 
fomainod,  conaiating  of  a  loek  of  red  marl  (of  tho  honpor  lotniation  of  tho 
Ootmana)*  aboni  SOO  ^t  high*  Siaoa  ITtO^  n  onnont  haa  ont  a  paaa^ 
no  kaa  ilnn  ton  iaihoaia  doop  thioogh  thia  tooaining  portion,  and  haa 
fermod  two  ialaadat  HaUgoland  and  Sandy  Iaiattd.t  Tho  fact  of  tho  now 
channel  being  laid  down  in  all  tho  chaita  aa  aixiy  foot  deep  ia  iaportaa^ 
aa  ahowing  ilia  excavating  power  of  marine  correnta  nader  fafoorablo  cu^ 
oamatancca*  On  the  other  hand  aomo  few  iaianda  have  extended  llMir 
boonda  in  one  direetion»  or  become  connected  with  others,  by  tho  aand- 
ing^opof  channola ;  hot  even  thoae,  like  Joist,  have  generally  given  way 
as  much  on  the  north  towanis  the  sea  as  they  have  gained  oa  ilie  «ouUi, 
or  land  side. 

The  DoUart  formed. — Whiie  the  delta  of  the  Khaie  Isas  suffered  so 
materially  itum  ihc  aiuvements  of  the  ocean,  it  can  liardly  be  suppo&ed 
that  minor  rivers  on  the  same  coast  should  have  been  permitted  to  extend 
their  deltas.  It  appears,  that  in  the  time  of  the  Romans  there  was  an 
alluvial  pl'iin  of  great  fertility,  where  liie  Ems  entered  ilic  sea  by  three 
arms.  This  low  country  stretched  between  Groniiigen  and  East  F'ries- 
landv  aoU  aent  out  a  penioaula  to  the  norlh-oaat  towards  Jb^jndco.  A  floodt 
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in  1277,  first  destroyed  part  of  the  peninsula.  Other  inundations  fol- 
lowed at  ditlerent  periods  ihrougiioui  ilio  Jittcenlh  century.  In  1507,  a 
part  only  of  Tonim,  a  considernMc  town,  remained  standing;  and  in 
spite  of  the  erection  of  dams,  the  remainder  of  that  place,  together  with 
market-towns,  villages,  and  monasteries,  to  ihe  number  of  fifty,  were 
finmliy  overwhehned.  The  new  fulf,  which  was  called  the  Dollar^ 
allhoogh  small  in  comparison  Id  the  Zuyder  Zee,  orcu{)ied  no  less  than 
six  square  miles  at  first;  but  part  of  this  space  was,  in  the  coarse  of  the 
two  following  centuries,  again  redeemed  from  the  sea.  The  small  bajr 
of  Leybaeht,  farther  north,  was  formed  in  a  similar  manner  in  the  thir- 
teenth century ;  and  the  bay  of  Harlbueht,  in  the  middlieof  the  sixteenth* 
Both  of  these  have  since  been  partially  reeonverted  into  dry  land. 
Another  new  eslnary,  called  the  Gnlf  of  Jahde,  near  the  mouth  of  the 
Wcser,  scarcely  inferior  in  site  to  the  DoUart,  has  been  gradually  hol- 
lowed out  since  the  year  1016,  between  whieh  era  and  lASl  a  space  of 
ihent  four  sqnare  miles  has  been  added  to  the  sea.  The  rivulet  which 
now  enters  this  inlet  is  very  small ;  but  Arens  conjectures,  that  an  arm  of 
the  Weser  had  once  an  outlet  in  that  direction. 

Coast  of  Sk&ivick. — F.uiiier  norlli  we  find  so  many  records  of  waste 
on  the  western  coast  of  81eswick,  as  to  lead  us  to  anticipate,  that,  at  no 
distant  period  in  the  history  of  tlie  physical  geography  of  Europe,  Jutland 
may  become  an  island,  ami  i!ie  ocean  may  obtain  a  more  direct  rnlrance 
into  the  Baltic.  So  late  as  1825  the  sea  made  a  breacii  and  entered  the 
Lym-Fiord,  so  that  the  northern  extremity  of  Jutland  was  converted  into 
an  island;  and  this  passage  is  still  open  (1835). 

Destruethn  of  Northstrand  by  the  9e£r.<— Norihslrand,  op  to  the  year 
1240,  was,  with  the  islands  Sylt  and  Fdhr,  so  nearly  connected  with  the 
mainland  as  to  appear  a  peninsula,  and  was  called  North  Friesland,  ar 
highly  coltiTsted  and  popolons  district.  It  measured  from  nine  to  eleven 
geographical  miks  from  north  to  south,  and  six  lo  eight  from  east  to  west 
In  the  above-mentioned  year  it' was  lorn  asunder  from  the  continent,  and 
in  part  oveswhelmed.  The  Isle  of  Northstrand,  thus  formed,  was» 
towards  the  end  of  the  sixteenth  century,  only  four  geographiesl  mites  in 
eirenmierence,  and  was  still  celebrated  for  its  cultivation  and  numerous 
population.  Alter  many  losses,  it  still  contained  9000  inhabitants.  At 
last,  in  the  year  1684,  on  the  evening  of  the  11th  of  Oclober,  a  flood 
passed  over  the  whole  island,  whereby  1300  houses,  with  many  churches, 
were  lost;  50,000  head  of  cattle  perished,  and  above  6000  men.  Three 
small  islets,  one  of  them  still  called  Northstrand,  alone  remained,  which 
are  now  continually  wasting". 

Inroads  of  the  sea  on  the  eastern  shores  of  North  America. — After  so 
many  authentic  details  respecimg  ilic  destruction  of  the  coast  in  parts  of 
Europe  best  known,  it  will  be  unnecessary  to  multiply  examples  of  anaio- 
VoL.  I.— 3  K 
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gtw  rtijgii  fa  MOW  dillaBt  wgioM  of  flw  wtdL  hmm^woM^hawwn^ 
b«  faMginBd  Ihsl  nor  ow»  ooio  §ana  toy  ooteoplioft  lo  iIm  gmotil  nlo. 

Tlim,  for  txtinple,  if  we  pass  over  lo  Um  OMterti  eoaol  of  Noftk  Amm- 
rioa,  wliere  the  tides  rise  to  a  ^reat  elevation,  we  find  many  facts  atteatinf 
the  incessant  demolition  of  land.  At  Cape  Mav,  for  example,  on  the 
north  side  of  Delaware  ilny,  in  the  Uniled  Stales,  liie.  encroachmenl 
of  the  sea  was  shown  by  ubi>crvaUoiis  niade  consecutively  ror  sixteen 
years,  from  1804  to  1820,  to  average  abuui  tiine  feet  a  year;*  and  a;  Sul- 
livan's Island,  wliicli  lies  on  llif  north  side  of  the  entrance  of  the  haboar 
of  Chnrlcsiown,  in  South  Carohiia,  the  sea  carried  away  a  qtiaftof  of  A 
mile  of  latid  in  three  }  ears,  ending  in  i7sr?.t 

7'idal  wave  caiitd  '■'ihc  /^or^"."— Iieit)r(' conrUuling  my  rpmarks  on 
t1ic  action  of  the  tides,  I  roust  not  omit  to  mention  liie  wave  called  iLe 
Boze,'*  which  it  sometimes  prodoi^  in  a  river  where  a  Urge  biMly  of 
Wlwr  is  made  to  liae  foddooly,  in  eonsequeoee  of  the  contraction  of  ibt 
ffatOMk.  Thi«  ware  terminatos  abropUy  on  the  inland  aiiio;  bocausethe 
fmiUj  of  walar  oootainod  fa  il  it  to  great,  aod  ita  motion  so  rapid,  that 
tiiDO  ia  not  alfawod  for  the  mtfifae  of  the  Hfor  to  be  immediately  raised 
\j  mtmm  of  tmaeoHtled  preaeort.  A  tide  wm  Itne  leiidafad  abnipl  bit 
o  efaee  oBiloiy*  ebwrfee  llr,  WbovoU*  to  llw  wavoe  wlueb  oori  om  ni 
faoak  oa  o  alielf  iaf  tboM4 

The  Bon  wlueli  ealan  tbo  Sofonn  wheio  llio  phoMamm  fa  of 
•laool  dul/  BMOwwoei  fa  wnjetiBee  ntae  faet  bigli,  asd  at  epei^f  tidaa 
toriMi  «p  tiM  Maary  wllh  oiHioi^iMrjr  rapidity*  Tlie  wm  phit 
neeon  ta  fioqoonUy  wttwaeaed  io  the  priDciptl  bnaeho^  of  iho  GoafM, 
aid  fa  tfio  Megna.   ««Ib  the  Hoogly,  or  Cakvlta  river,**  eaya  Rouellt 

the  Bore  comowneea  at  Hoogly  Point,  the  plaoa  where  the  river  first 
eontracls  iiscif,  and  is  perceptible  above  Hoogly  Town;  and  to  quick  is 
its  motion,  ihui  it  hardly  eniploys  four  liuurs  in  travelling  from  one  to  ihd 
other,  though  the  distance  is  nearly  seventy  miles.  At  Calcutta  it  some- 
times occasions  an  i'nstaiuanoous  rise  of  five  feel;  and  both  here,  and  in 
every  other  part  of  its  track,  the  boats,  on  iis  ai>proach.  immediately  quit 
the  shore,  and  make  for  safely  lo  llie  luiddie  oi  the  river.  In  the  chan- 
nels, bftwren  the  islands  in  the  nioutli  of  llie  Mi^lhki,  ilie  heit^lii  of  iho 
Bore  is  said  ta  exeeed  twelve  feet,  audit  to  terriHc  in  it^  appearanctt 
and  dangerous  in  its  consequences,  that  no  boat  will  venuire  to  pass  il 
•fffiog  iide.'*§  These  waiea  my  sometisea  oaata  iatmdations,  uAder* 
sine  clifls,  and  tiiU  more  freqoenlljr  eweop  away  treoo  and  land  aai* 
malt  from  low  shores,  oo  thai  thejr  may  ho  oaniod  4owD|  eini  u^cmn^y 
imbedded  io  doTiatUe  or  eobmarine  depoaila. 
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In  Mch  laffs  bodies  of  water  as  the  North  Aamkm  ldut»  Iht  «0V* 
liMMafli  of  M  ilraig  wM  in  one  dkittoa  oAen  OMwot  iho  olmtion  of 
tfio  water,  and  ita  aeeumelatkm  on  ihe  leawinl  akfet  and  whUa  tW 
•qttilibrittni  ia  maiarinf  Haairy  powailU  ewrranla  an  oeoaaioiiad.  In 
Oetobor  1689,  a  atioof  eaivent  in  Lake  Brio,  eanaad  parilf  by  the  att  of 
Ike  waleia  towarda  the  oodat  of  dm  laka,  and  jwrUy  by  Ibe  pnvailinf 
wind,  bttiH  a  "^aaaaga  tinoogli  Ilia  aandf  iathnnia  eallad  Long^  Point 
Faainanla,  and  aoon  axeavated  a  ehannel  mom  than  nino  faat  deep  and 
MO  feat  wida.  Ita  width  and  bfoaddi  hif a  ainoa  inMMaad,  aad  a  aaw 
anfl  coadf  pier  baa  bean  ataded  s  for  it  ia  Imped  that  the  ofent  will  per- 
manently improve  the  navigation  of  Lake  Erie  for  !> team -boats.*  In  the 
Black  Sea,  also,  aUhougli  free  from  tides,  we  learn  froai  Pallas  that  there 
is  a  sufTirieiuly  sirong  curreui  lu  uudurmine  the  elifis  m  many  parts,  and 
jMiticularly  in  the  Crimea. 

The  reduadanfy  of  river  water  in  the  Baltic,  especially  during  the 
meUini:  of  ice  and  snow  iji  sprinj^,  causes  in  general  an  outwnrd  current 
through  the  channel  called  the  Cattegat.  But  after  a  continuance  of 
north-westerly  gale?,  especially  during  the  height  of  the  spring  tides,  the 
Atlantic  rises ;  and,  pouring  a  flood  of  water  into  the  Baltic,  commila 
dreadful  devastations  on  the  isles  of  the  Danish  Archipelago.  This  cur- 
rant even  sets,  though  with  diminished  force,  aa  Ibr  eastwafd  aa  ihe 
nctnity  of  Dantaie.t  Aioeoonta  wiitlen  during  the  last  ten  centuriea 
attest  the  wearing  down  of  piomontoriea  on  the  Daniah  coast,  the  deep- 
eninf^  of  gulfs,  the  severbg  of  peninanlaa  from  the  main  land,  and  the 
waste  of  islands,  while  in  aeveral  caaea  marah  land,  defended  for  eeo* 

tnriflB  bj  dihea,  haa  at  laat  been  ovetdo««d,  and  tbonaaada  of  the  inhabi* 
tania  wMned  in  the  wavnai 

Thna  the  adand  Baiaoe,  on  the  ooaat  of  Meawfelt,  baa  loat,  year  after 
joar,  aa  acre  at  a  ttme*  The  ialand  Alaen  anfieva  in  like  manner*  The 
peninade  Zingat  wao  eonveifed  into  an  ialand  in  I0S5.  Then  ia  a  tiadi* 
tion  that  die  iala  of  Rouen  wit  originally  torn  by  a  atorm  from  the  main 
land  of  Pomerama:  and  it  b  known,  in  later  timaa,  to  ha?n  ioet  gnmnd, 
as  in  the  year  I6S5,  when  a  tract  of  land  was  eairied  away*  Some  of 
these  islands  consist  of  ancient  alluvial  acenmulatfons,  containing  blocks 
of  granite,  which  are  also  spread  over  the  neij^hbourinir  maiti  land,  'i  he 
Marsh  Islan<l-i  ire  mere  banks,  like  the  lauds  ioniicd  of  ilie  warp"  in 
the  Humber,  prott  cled  by  dikes.  Some  of  them,  after  having  been 
inhabited  wiUi  security  for  more  than  ten  centuries,  have  been  suddeuly 
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overwbAlmed.  In  this  manner.  In  1216,  no  lest  ihsn  10,000  of  the 
inhabitants  of  the  Eydeistede  and  Ditmaisch  perished ;  and  on  the  11th  of 
October,  1684,  the  islands  and  the  whole  eoast,  as  far  as  Jutland,  enfiered 
hj  a  dreadful  deluge. 

dmbriaH  Dduge.-^l  have  before  enumerated  the  ravages  of  the  ocean 
on  the  western  shores  of  Sleswick,  and  there  are  memorials  of  a  series  of 
like  catastrophes  on  the  eastern  coast  of  that  peninsula.  Jutland  was  the 
Cimbricm  Chersonesiis  of  ilic  ancieiils,  and  was  iheii  evidemly  ilic  theatre 
of  siiniiar  calaiuiucs;  for  Fiurus  says,  **  Cimbri,  riicutuiii,  aiquc  Tigii- 
rini,  ab  extremis  Cialliae  profugi,  cQm  terras  eorum  iriundassel  Oceanus, 
novas  sedes  i<wo  orbe  quaercbant."*    Some  have  wisiied  lo  comieci  ihis 

Cimbiian  Deluge"  with  the  bursting  of  ihe  isthmus  between  England 
anil  France,  niul  with  other  supposed  convulsions;  but  when  we  consider 
the  late  of  Heligoland  and  Norilistrand,  and  the  other  terrific  inundations 
in  Jutland  and  HoUtein  since  the  Christian  era,  wherein  thousands  have 
perished,  we  need  not  resort  to  any  such  extraordinary  catastrophes  to 
account  for  the  historical  relation.  The  wave  which  in  1634  devastated 
the  whole  eoast  of  Jutland,  committed  such  havoc,  that  we  must  be 
cautious  how  we  reject  hastily  the  traditions  of  like  events  on  the  coast 
of  Kent,  Cornwall,  Pembrokeshire,  and  Cardigan;  for,  however  sceptical 
we  may  be  as  to  the  amount  of  territory  destroyed,  it  is  very  possible 
that  former  inroads  of  the  sea  may  have  been  greater  on  those  shores 
than  any  witnessed  in  modern  times. 

SiraitB  of  Gibraitar. — ^That  tlie  level  of  the  Mediterranean  is  from 
twenty  to  thirty  feet  lower  than  that  of  the  Red  Sea,  at  Sues,  has  been 
already  stated.t 

It  is  weU  known  that  a  powerful  current  sets  constantly  from  the 

Atlantic  into  the  Mediterranean,  and  its  influence  extends  along  the 
whole  soiiiliL  !  11  borders  of  thai  sea,  and  even  to  the  shores  of  Asia  Elinor. 
Captain  Sinyilt  found,  during  his  survey,  that  the  central  current  ran 
conatanily  at  ilu'  raij  oi  from  three  lu  six  miles  an  hour  eastward  into  the 
Mediierraaean,  the  buiiy  of  water  being  three  miles  and  a  half  wide. 
But  there  are  also  two  lateral  currents — one  on  i!ie  European,  and  one 
on  the  African  side — eacli  of  tliem  about  two  miles  and  a  half  broad,  and 
flowing  at  about  the  same  rate  as  the  central  stream.  These  lateral  cur- 
rents ebb  and  flow  with  the  tide,  seitiog  alternately  into  the  Mediterra^ 
nean  and  into  the  Atlantic.  The  excess  of  water  constanUy  flowing  in  is 
very  great,  and  there  is  only  one  cause  to  which  this  can  be  attributed, 
the  loss  of  water  in  the  Mediterranean  by  evaporation.  That  the  level 
of  tliis  sea  should  be  considerably  depressed  by  this  means  is  quite  coo* 
eeivable,  since  we  know  that  the  winds  blowing  from  the  shores  of  Africa 
are  hot  and  dry;  and  hygrometrical  experiments  recently  made  in  Malta 

•  lib.  iii;  c«ip.  3.  t  See  VoL  1.  p. 
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md  other  placeti  show  that  the  mean  quantity  uf  moistnm  in  ihc  air 
investing  tlie  Mtulitcrranean,  i.i  equal  only  lo  one  half  uf  that  in  the 
atmosphere  of  Eiighiiid.  Tlie  temperaiure  also  of  the  great  inlantl  aea  ia 
upon  an  average  higher,  as  was  before  stated*  by  8P  of  Fahrenhn!,  than 
the  western  part  of  the  Atlantic  Ocean,  which  must  ^really  promote  its 
evaporaiiun.  The  iMack  Sea  Ijcmt:  sitnated  in  n  highrr  latitude,  and 
being  the  receptacle  of  rivers  flowini^^  from  tlie  north,  is  mucii  culikr,  and 
its  p\-pen(liture  far  less;  accorciuigiy,  it  does  not  draw  any  supply  from 
the  Mediterranean,  but,  on  the  coolrary,  contributes  to  it  by  a  currenl 
flowing  outwards,  for  die  most  part  of  the  yeaiv  through  the  Diidmtto. 
The  dischMfe»  howsrart  tt  the  Boephorai  m  lo  imaU  when  eompwed 
to  tbe  idane  of  water  carried  in  bj  rivmi»  ■•  K»  imply  •  gnat  amoiuii  of 
craporatioo  aifaa  in  ibe  Black  Sea. 

fWkdher  aoU  W  pntijfiUiM  uk  lAa  MtdiUntmtm.'^i  is,  howarart 
flijaeiad,  thai afapowlifltt  eaniaa  awajaidy  fiaah  watBr»aad  thai  tfaa  mt» 
MBl  fiaai  dM  Atotb  -ia  aaBtiaaallj  briagbg  in  aait  water  t  why t  thaD, 
do  Ml  tba  aoanpoMBl  paria  of  the  watem  of  the  Maditenanaan  vary  ?  or 
Imvv  oan  they  ramin  ao  Maiiy  tho  aaaM  aa  Aoae  of  tiia  oeeao  T  Boom 
hwro  imagiiied  that  tho  oioaaaof  aalt  might  bo  oarriad  away  by  an  itiidar> 
eorreol  nuwuif  in  aoootraiy  diroatioa  totheaopefior }  aad  this  hypothaaia 
appeand  to  faoaifo  coDfinnatkm  from  alatodiaeovery  that  tho  water  takes 
op  aboot  fifty  mike  widiiii  the  Stniti,  from  a  depth  of  870  (kthome,  eo»» 
tuned  a  quantity  of  salt  four  times  greater  than  the  water  of  the  surface. 
Dr.  Wollaston*,  who  analysed  this  water  obtained  by  Captain  Smyth, 
truly  inferred  that  an  tiiukr-currcnt  of  such  dcnstn  water,  flowing  out- 
ward, if  of  equal  hreathli  anil  depth  with  the;  current  near  the  ^-lirface, 
would  carry  ont  inneh  salt  below  as  is  brought  in  uliove,  nUlKni^'h  it 
moved  wiih  le>s  iliau  oae-louriii  part  of  the  velocity,  and  would  thus  pre- 
Tent  n  perpetual  increase  of  saltness  in  the  Mediterranean  beyond  that 
existing  in  the  Atlantic.  It  was  nho  remarked  by  others,  tiiat  the  result 
would  be  the  same  if,  the  swilmess  being  equal,  the  inferior  current  had 
only  one-fourth  of  the  volume  of  the  superior.  At  the  same  time  there 
appeared  reason  to  conclude  that  this  great  specific  gravity  was  only  ao> 
quired  by  water  at  immeaae  depths  ;  for  two  specimens  of  the  water,  taken 
altho  dietaoeo  of  some  hoodrod  miles  from  the  Straits,  and  atdeptlia  of 
400,  and  even  450  iaihoois,  were  ftmnd  by  Dr.  WoUaston  not  to  exceed 
In  danaiiy  that  of  many  ordinaiy  aamploa  of  aea»water.  Such  being  the 
eeeOf  wo  een  now  prove  thai  the  vaal  amount  of  salt  brooght  into  the 
Hediteiranean  doet  not  paaa  not  again  by  the  Siraita  s  for  it  appeam  by 
Captain  Smyth'a  ao«ndinga»  whieh  Dr.  Wolhaton  had  not  aeen»  that 
between  the  Capes  of  Tka&tgar  and  SpaneU  whieh  are  twenty-two  milee 
apart,  and  whom  tho  Btraita  are  ahalioweatf  the  deepest  part,  which  ia  on 
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thtt  if  water  sinki  in  eeriain  parts  of  the  Mediterranean,  in  consequencs 

of  ilie  increase  of  its  specific  gravily,  to  greater  depths  than  220  faihoms, 
it  can  never  flow  out  again  iiUo  ilu;  AllaaUf,  ^ukc  iL  must  be  i»to[)pL;l  by 
the  submariue  barrier  wiiich  crosses  the  shaiiuwest  part  of  the  Straits  of 
GibraUar. 

The  idea  of  the  existence  of  a  counter-cuirent,  at  n  certain  depth,  lir.st 
orifrinated  in  tlif  following  circumsiancu  : — M.  DeTAii^lc,  com maridi^r  of 
a  privateer  calleil  ihe  Flusnix,  of  Marstiillos,  gave  rhasr  lo  a  Dutcli  mer- 
chant-ship, near  Ceuta  Point,  and  coniiing  up  vviih  tier  in  llie  {uidtile  of 
the  gut,  between  Tariifa  and  Tangier,  gave  her  one  broadside,  which 
dirtetly  sunk  her.  ▲  few  days  after,  the  sunk  ship,  with  her  cargo  of 
brandy  and  otlt  was  cast  ashore  near  Tangier,  whioh  iaal  least  four  leaguea 
to  tho  WMtward  of  the  place  where  she  went  dowttf  fend  directly  agalial 
the  itranglb  of  the  cmtral  current.*  This  fact,  howemi  affords  no  oti* 
denoe  of  in  nnder-current,  because  the  ship,  when  it  approached  Uwooeei, 
would  Muueeeiiily  be  wHhin  ihe  laflneaee  of  m  laimi  ettnont»  whiebp 
mnniDg  weeiwawl  twiee  every  l«enty-lb«r  bouev  waigjtA  hevo  hroHgbl 
beek  the  venel  to  Ttogier. 

What,  ten,  beoomee  of  the  ezeeee  of  lelt  t— for  thb  li  an  inqniiy  of 
the  highest  geolegieal  inierMt.  The  Rhone,  the  Po,  nd  aeny  hadrad 
minor  streams  and  springs,  pour  annually  into  the  MediteiTaneen  large 
qnantStiee  of  ctihonaie  of  lime,  together  with  iren,  magneeie«  ettie^ 
alumina,  sulphur,  and  Other  mineral  ingredients,  in  a  state  of  chemical 
solution.  To  explain  why  the  influx  of  this  mailer  does  not  alter  Uie  coiu' 
position  oi  this  t^L  i  has  never  been  regarded  as  a  ililiiculty  ;  for  ii  known 
that  calcareous  locks  are  forming  in  ihedeli  i  of  Uic  Rhone,  in  the  Adnaiic, 
on  the  cuabt  of  Asia  Minor,  and  in  other  iu^  aliiies.  Precipitation  is  ac- 
knowledged to  be  the  means!  wherehy  the  sur[)ln.s  iiiiiicral  matier  is  dis- 
posed of,  after  the  consumption  cif  a  e(;riain  portion  in  ihe  secretions  of 
testacea,  zoophytes,  nnd  cuhcr  marine  animals.  But  before  muriate  of 
•oda  can,  in  like  manner,  be  precipitated,  the  whole  Mediterranean  ought, 
H  is  aaid,  to  become  as  much  satu^ted  with  aalt  as  Lake  Aral,  the  Dead 
Sea,  or  the  brine-springa  of^Cheshire. 

It  is  andoubtedly  true.  In  regard  to  email  bodies  of  water,  thnt  oteiy 
particle  must  be  fully  saturated  with  muriate  of  ioda,  before  n  aingle 
crystal  of  salt  can  be  formed ;  aneh  it  probably  the  case  in  all  natnml  ealt< 
ema :  andi,  for  example,  aa  thoee  deacribed  Irf  trnToUen  ae  ooeorring  on 
the  weatem  bordem  of  the  Bhek  Sea,  where  eztenaire  maiehee  are  aaid 
to  be  covered  by  thin  filme  of  aalt  after  a  rapid  eTnpontion  of  ae^wnier. 
The  salt  itangM  of  the  Rhone,  whore  ealt  haa  eomettmee  been  precipitated 
in  oonetderable  abandance,  hm  been  alinady  aMntwned*  Bnl  whoibir 
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it  be  necpssnry  that  every  part  of  a  sea  of  enormous  depth  should  !)c  fully 
saturated  bi  fore  any  precipitate  can  take  place,  is  a  question  of  some  diffi- 
culty, ill  the  narrowest  part  of  the  Straits  of  Gibraltar,  where  they  are 
about  nine  miles  broad*  between  the  Isle  of  Tari0a  and  Alcanzar  Point, 
the  depth  varies  ffOflU  160  to  500  fathoms:  but  betwef^n  Gibraltar  ami 
Ceata,  Captain  Smyth  sounded  to  tbo  enormous  ds{>ih  of  950  fathoms; 
where  he  found  a  gravelly  bottom,  with  fragments  of  broken  shells, 
ftmsinro  sounded  to  the  depth  of  2000  feet«  wKhin  a  few  yards  of  the 
4|0q^^iy9ie« ;  and  M.  B^rard  has  lately  fathomed  to  the  depth  of  mora 
lluuft  6000  feet  in  several  places  without  reaching  the  bottom.* 

Tbo  central  abysses  of  this  sea  are»  in  all  likelihoodt  at  least  as  deep  as 
Um  Alps  are  Iiigh  ;  and*  as  at  the  depth  of  700  fathoms  only*  water  has 
been  found  to  eontain  a  proportion  of  salt  four  times  greater  than  at  the 
•arfaee,  we  may  piesnme  that  the  excess  of  salt  may  be  much  greater  at 
the  depth  of  two  or  three  miles.  After  evaporation,  tlie  surface  water 
becomes  impregnated  with  a  slight  excess  of  ?;ilt,  and  ils  specific  gravity 
being  tlius  increased,  it  iiiiiLaiuly  falls  to  tlic  buuorn,  while  lighter  water 
rises  to  the  top,  or  flows  in  laterally,  being  always  supplied  by  rivers  and 
llie  current  from  the  Aii  udic.  The  heavier  fluid,  wlien  it  arrives  at  the 
Ixutnm,  cnnrjol  stop  if  it  can  gain  access  to  any  lower  part  of  the  bed  of  the 
sea«  aot  previously  occupied  by  water  of  the  same  density.  In  this 
manner  the  bottom  of  the  netliermost  submarine  abysses  must  annually 
seeeive  new  supplies  of  brine,  while  the  water  at  the  surface*  being  in- 
eoesantly  renewed  by  rivers  and  the  current  from  the  ocean»  can  never 
Vecome  saturated. 

■  How  far  this  aeeumnlation  of  brine  can  extend  before  the  inferior  strata 
will  part  with  any  of  their  salt,  and  what  difference  in  such  a  chemical 
pfoeeas  the  immense  pressure  of  th^  ineombent  ocean  might  occasion*  are 
^m^tmB  which  cannot  be  answered  in  the  present  state  of  science. 
Tbeie  Is  also  another  curious  topic  of  speculation ;  what  changes  may  be 
efleeted  by  volcanic  heat,  so  active  in  many  parts  of  tlie  bottom  of  the 
Mediterranean.  A  sub-marine  botspring  or  slufa  would  give  rise  to  a 
new  set  of  phenomena.  Pcriiaiis  n  may  saul  that  their  eflect  would 
only  be  to  cause  asreuduig  and  diiicejiding  currciiU,  and  thereby  to  pro- 
mote the  luiennixUire  of  the  upper  and  lower  waters  of  the  sea.  A  sol- 
fatara,  nr  rent  through  which  inflamm:^b!e  gases  are  continually  escaping, 
might  certainly  convert  sea-water  mlo  steam  ;  and  in  this  case  salt  would 
be  precipitated  in  the  space  from  which  the  steam  was  expelled.  Addi- 
tional supplies  of  water  might  then  find  their  way  into  the  fissure,  being 
injected  into  every  pore  of  the  rock  by  the  vast  pressure  of  the  incumbent 
ocean.  If,  by  a  repetition  of  this  process,  the  cavity  was  filled  with  salt, 
other  crystals  of  the  same  mineral  would  more  easily  be  formed  from  a 

*  Ball,  de  U  Soe.  QhoL  de  FiaiMe.*iU«im<,  p.  73.  ISaSL 
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solution,  and  might  iheii  >;prpnd  along  the  bottom  of  the  sea.  Yet  even 
in  this  case  it  should  seem  thai  the  fluid  must  first  bo  fully  saturated.  It 
is  certainly  most  difficult  to  explain  on  chemical  principles  how  a  deposit 
of  salt  may  take  place  at  the  boitoinof  the  Mediterranean,  but  it  is  never- 
theless a  fact  that  the  (Waters  ofthatfea,  notwithstanding  the  coostaot  influx 
of  salt  water  from  the  Atlantic,  contain  but  a  alight  excess  of  muriate  of 
soda  above  the  ordinary  waters  of  the  ocean. 

In  legard  to  the  probable  origin  of  ihoae  continooua  muses  of  fock-ralt 
which  we  find  in  Poland,  Hungaty,  Transylvaoia,  and  Spain,  geologist* 
hate  entertained  very  different  opinions;  but  the  theory  which  liis 
obtained  most  favour  in  later  times  attributes  them  not  to  precipitation 
from  an  aqueous  menstruum,  but  to  sublimation  from  volcanic  exhalation* 
rising  from  below,  which  insinuate  themselfcs  into  rents  and  vacuities, 
caused  by  the  fracture  and  decomposition  of  rocks. 

The  Straits  of  Gibraltar  are  said  to  become  gradually  wider  by  the 
wearing  down  of  the  cliffs  on  each  side  ai  ujany  points  ;  and  the  current 
sets  along  the  coast  of  Africa,  so  as  to  cause  considerable  inroads  in 
various  parts,  particularly  near  Carthage.  Near  the  Canopic  mouth  of 
the  Nile,  at  Aboukir,  the  coast  was  p^roatly  devastated  in  the  year  1784» 
when  a  small  islan  l  w nearly  contiuraed.  By  a  series  of  similar  opera- 
tions, itie  old  sue  ot  lite  ciiics  of  Nicopolis,  Taposiris,  Parva,  and  Cano- 
pus,  iiave  become  a  sand-bank.* 

Sand-HiU»,-^li  frequently  happens,  where  the  sea  is  encroaching  on  a 
coast,  that  perpendicular  cliffs  of  considerable  height,  composed  of  loose 
sand,  supply,  as  they  crumble  away,  large  quantities  of  fine  sand,  which 
being  in  mid-air  when  detached,  are  carried  by  the  winds  lo  great  dis* 
tances,  covering  the  land  or  barring  up  the  mouths  of  estnaries.  This  in 
exemplified  in  Poole  Bay,  in  Hampshire,  and  in  many  points  of  the  eoast 
of  Norfolk  and  Suffolk.  But  a  violent  wind  will  sometimes  drift  the  sand 
of  a  sea4>each,  and  carry  it  op  with  fragments  of  shells  to  great  heights, 
as  in  the  case  of  the  sands  of  Barry,  at  the  northern  side  of  the  estoaiy 
of  the  Tay,  where  hills  of  this  origin  attain  the  height  of  140  feet 

On  tlie  eoast  of  France  and  Holland  long  chains  of  these  donee  have 
been  formed  in  many  parts,  and  often  give  rise  to  very  important  geologi- 
cal changes,  by  damming  up  the  niouihs  of  estuaries,  and  prevetiuag  the 
free  ingress  of  the  tides,  or  free  efflux  of  river  water. 

*  Clarke's  Travel*  in  hurope,  A«a,  and  Africa,  vol.  iiL  pp.  340  and  363,  4th 
•dttioa. 
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Itejtfoduetare  e&oU  ol  Udcs  and  ounent*— Silting  up  oi  estu&riea  does  not  oompea- 
ntetka  kMoriia4Mtkebofd0i»«r  tba  oemp-Bed  of  th«  Qmui  Oomb  (p. 
985.)— CbnpoiiUoii  aa^  extent  of  ite  wad-henkt  Btiate  depoiited  hy  ewMBte  on 
the  eoedieni  eadi  eeetern  dhoieeof  llie  IfediteiTanean — Traniportation  by  carreoli 
<f     eadtotal  ef     Ammmi,  Olfaoeo»  tad  Mheiwlypl  (^  «Br>)-atwttt8etiitt. 

TWv  ftett  wwHwiHed  ia  dw  brt  ehtjUnr,  it  appMit  tbit,  cm  tlM 
boidm  of  Hm  Mm,  emeHi  1011  tidet  eo-opentng  with  Uie  w«vw  0f 
the  «M  if»  moat  powwM  hwltuuwmi  in  tbe  deitnietiMi  ind  iransportiH 
tioB  of  neli  1  nA  wt  BvmeraiM  trlbnlariet  diNiiafge  tkeir  tUnvial  bordeii 
imo  die  ehaniMl  of  one  great  liYer^  to  wo  And  tfmt  muty  rivon  deUvor 
<lielr  oartiiy  ooBtontt  to  ono  imrtM  oertont,  to  bo  bonio  byHtou  di^ 
laiice,  and  deposited  in  some  deep  receptacle  of  the  ocean.  The  current 
not  only  receiver  this  tnliuic  of  sediaieulary  matter  from  streams  draining 
the  land,  but  acts  aUo  itself  on  the  coast,  as  does  a  river  on  the  cliHa 
which  bound  a  valley.  The  course  of  currents  on  the  British  shores  is 
ascertained  to  he  as  tortuous  as  that  of  ordinary  nvcrs.  Soincimies  they 
run  between  f*find-b:uiks,  wliich  consist  of  mailer  tiirowii  down  at  certain 
points  where  tlic  vclnniy  of  the  slream  had  been  retarded  ;  Imt  it  very 
frpqti^'nllv  luippt  iis,  ihai  :is  in  a  river  one  hnnk  is  made  oi  low  alluvial 
gravel,  wtule  the  other  is  composed  of  some  hard  and  lofty  rock  con- 
stantly undermined,  so  the  current,  in  its  bends,  strikes  here  and  there 
Upon  a  cnast,  which  then  farms  one  bank,  while  a  shoal  under  water 
forms  the  other.  If  the  coast  be  composed  of  solid  matefiaiOf  it  yields 
slowly ;  Ml  aloo  if  it  be  of  great  height,  for  in  that  ewe  t  laige  qnentity 
of  matter  nmet  be  leaKwred  beibre  tbe  lea  ean  penetrate  to  any  distanoe. 
Bvt  tbe  openings  where  rivers  enter  are  genereHy  tlie  pointe  of  ieett 
levivlMee,  and  It  ie  bere,  iheiefetOf  that  tlie  oobib  onbee  tiie  wideet  end 
ueepen  onracnev* 

A  eorrent  alone  oannot  ebape  out  and  keep  open  en  eetnaiy*  beeanee  it 
Mde  IB  Buapeunoni  like  the  nTOTf  dnbif  eenein  eeasone  of  tbe  year«  n 
large  qnantity  of  eediaient  \  and  where  the  wtlen,  Howing  in  oppoeile 
diroetioniy  meet,  thie  matter  enbeidee.  Fbr  tiiie  foieon^  in  inland  eeae, 
and  ofen  on  the  Iwrdf n  of  die  ooe^it  where  the  riie  of  tbe  tide  happene 
10  bo  elight,  it  ie  eearcely  possible  to  pierent  a  baiboor  from  eOting  up  ; 
and  it  ie  often  expedient  to  earry  oot  a  jetty  beyond  the  point  where  the 
■Mvine  enrrent  and  the  river  neolralize  each  other's  force ;  for  beyond 
Vol.  I.— 2  L 
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this  point  a  free  dunnel  if  miintained  by  tbe  rap«rior  atrengUi  of  the 
oanent 

EHwvriUt  how  farmed, — The  formtttoii  and  keeping  open  of  laiga 
estoariee  are  due  to  the  mMned  injiuenee  of  the  tidal  cunents  and 
rivera ;  for  when  the  tide  riees,  a  large  body  of  water  aoddenly  entere 
the  month  of  the  riTer,  where,  becoming  eonfined  within  narrow  bounds, 
while  its  momentum  is  not  destroyed,  it  is  urged  on,  and,  having  to  pass 
through  a  contracLcd  channel,  rises  and  runs  with  increased  velocity,  just 
as  a  stream,  when  it  reaches  the  arch  of  a  bridge  scarcely  large  enough 
to  give  passage  to  its  waters,  rushes  with  a  sleep  fall  throno'H  the  arch. 
Duniiir  ilic  :!s(  t  nt  of  iIh;  ikIp,  n  body  of  fresh  water,  flowing  down  in  an 
opposite  direction  from  the  liiglier  country,  is  arrested  in  its  course  iur 
several  hours ;  and  thus  a  large  lake  of  brackish  water  is  accumulated, 
which,  when  the  sea  ebbs,  is  let  loose,  as  on  the  removal  of  an  artificial 
sluice  or  dam.   By  the  force  of  thie  leiinng  water*  the  alluvial  eedimeoi 
both  of  the  river  and  of  the  sea  is  swept  awayi  and  transported  to 
aneh  a  distance  from  the  month  of  the  estoaiy,  that  a  smell  part  only  esn 
return  with  the  next  tide* 

It  sometimes  happens,  that  during  a  violent  storm  a  larfo  bar  of  sind 
is  suddenly  omde  to  shift  its  position,  so  as  to  prevent  the  free  Influx  of 
the  tides,  or  efflnx  of  river  water.  Thus  about  the  year  1500  the  sands 
at  Bayonne  were  suddenly  thrown  across  the  mouth  of  the  Adour*  Thai 
river,  flowing  back  upon  itself,  soon  forced  a  passage  to  tho  nordiwaid* 
along  the  sandy  plain  of  Capbreton,  till  at  last  it  reached  the  sea  at 
Boucau,  at  the  distance  of  seven  leagues  {vo\n  tin;  point  where  it  had  for- 
merly entered,  h  was  iiol  till  the  year  lu7i>  that  the  celebrated  arcliiiecl 
Louis  de  Foix,  muh nook,  at  the  i-equest  of  Henry  III.,  to  re-open  the 
ancient  channel,  \\  Inch  he  at  last  effected  with  great  ditiiculty.* 

T^des  in  Estuaries. — In  the  estuary  of  the  fhames  at  London,  and  in 
the  Gironde,  the  tide  tlows  Ave  hours  and  ebbs  scveii,  and  in  all  estuaries 
the  water  requires  a  longer  time  to  run  down  than  up ;  so  that  the  pre- 
ponderating force  is  always  in  the  direction  which  tends  to  keep  open  a 
deep  and  broad  passage.  But  as  both  the  river  and  tlie  tidal  current  are 
toady  to  part  with  their  sediment  whenever  their  velocity  is  checked, 
there  is  naturally  a  tendency  in  all  estuaries  to  silt  up  partially,  siooe 
eddies,  and  backwaters,  and  points  where  opposing  streams  meet,  aie 
very  numerous,  and  constantly  change  their  position* 

^ing  t9»  Etduafiu  doe$  not  wmpauaU  for  hu  of  eoaolo^Unf 
writers  have  declared  that  the  gain  on  our  eastern  ooast,  since  the  eariieit 
periods  of  history,  has  more  than  counterbalanced  the  loes;  but  they  have 
been  at  no  pains  to  calculate  the  amount  of  loss,  and  have  often  fofgotleo 
that,  while  the  new  acquisitions  are  manifest,  there  are  lately  any  naturd 

*  Houvciie  Chromque  de  la  Viiic  dc  Bayoime,  pp.  113.  139.  18i27. 
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monumcnia  lo  attest  tlie  furrncr  exi.sictice  uf  the  land  that  has  been  carried 
away.  They  have  also  taken  iiitu  tiiuir  account  those  tracts  artificially  re- 
covereil,  which  are  olten  of  great  agricultural  iiji[>ortance,  and  may  remain 
secure,  periiaps,  for  thousands  of  years,  but  winch  are  only  ti  few  leet 
above  the  mean  level  of  ihc  j^cii,  and  arc  therefore  exposed  to  be  over- 
flowed again  by  a  small  proportion  of  the  force  required  to  remove  clififg 
oC  eoQsiderable  height  on  our  shores,  if  it  were  true  that  the  area  of  land 
anauaUy  abandoned  by  Uie  tea  ta  estoaries  were  equal  to  lhat  invaded  by 
it,  there  would  atiU  be  no  compeneaiion  tit  kind. 

It  will  seem,  at  firei  ■igbt*  eomewbat  paradoxical,  bat  it  ii  nevertheleie 
iriM*  that  the  ffieeier  nooiber  of  eetuerieti  although  peculiarly  expoeed  lo 
the  iBfieion  of  the  eea,  are  naoaUy  eo&lnM>tiog  ia  cixe»  even  where  the 
whole  line  of  coast  is  gtving  way.   But  the  fact  is,  that  the  inroeda  made 
by  the  oeean  npon  eatnariee,  although  extiemely  great,  are  completed 
daring  periods  of  comparatively  short  duration ;  and  in  the  intervals  be- 
tween these  irmptjons,  the  mouths  of  rivers,  like  other  parts  of  the  eoast* 
nsually  enjoy  a  more  or  less  perfeet  respite.   All  the  esioaries,  taken 
together,  constitute  but  a  small  part  of  a  great  line  of  coast;  it  is,  there- 
(ore,  most  probable,  thai  li  (jur  observations  exLtiiU  lu  a  few  centuries 
only,  we  shall  not  see  any,  and  very  rarely  all,  of  this  small  part  exposed 
lo  the  fury  of  the  ocean.    The  coaat  of  Holland,  and  Friesland,  if  studied 
for  several  consecutive  centuries  since  the  Roman  em,  would  generally 
have  led  to  the  conclusion  that  the  land  was  encroaching  fast  upon  the 
eoa,  and  that  tlie  aggrandizement  within  the  estuaries  far  more  than  com- 
pensated the  losses  on  the  open  coast.    But  when  our  retrospect  em- 
braces  the  whole  period,  an  opposite  inference  is  drawn :  and  we  find  that 
the  Znyder  Zee,  the  Bies  Bosch,  DoUart,  and  Yahde,  are  modem  gulfs 
nod  bays,  and  that  these  points  have  been  the  principal  tfaeaties  of  tho 
retreat,  instead  of  the  advance,  of  the  land.  If  we  poeseseed  reeorde  of 
the  changes  on  our  coast  for  several  thonsand  years,  they  would  probably 
pieeent  us  with  similar  results;  and  although  we  have  hitherto  seen  onr 
estuaries,  for  the  meet  part,  become  pactlally  converted  into  dry  land,  and 
bold  cJifis  intervening  between  the  months  of  rivers  consumed  by  the  sea, 
this  has  merely  arisen  from  the  accidental  set  of  the  currents  and  tides 
during  a  brief  period. 

The  current  which  flows  round  from  the  nonh-west,  and  bears  against 
the  eastern  roast  of  England,  transport.^,  as  we  have  seen,  materials  of 
▼arious  kinds.  Aided  by  the  wiiu'i?  and  wav(  s,  it  undermines  and  sweeps 
away  the  granite,  gneiss,  trap  rocks,  and  sandstone  of  Shetland,  and  re- 
moves the  gravel  and  loam  of  the  cliiTs  of  Holderness,  Norfolk,  and  2Suf- 
Ibik,  which  are  between  fifty  and  two  hundred  feet  ia  height,  and  which 
waste  St  the  rate  of  from  one  to  six  yards  annually.  It  also  bears  away, 
in  co-operation  with  Uie  Thames  and  the  tides,  the  strata  of  London  day 
on  the  coast  of  Essex  and  Sheppey.  The  sea  at  tlie  same  time  consumes 
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tfie  dMlk  with  iw  ffiaH  for  oMf  vitoi  owAimNnlj lk»  iImm 
Kent  Mid  9mw  tmmllBwmtmlmngm  on  tlw  IM^wsttrMs,  capped 
by  a  thick  covering  of  chalk  flkrts,  in  HaoipshirOy  snd  eontinually  saps 

t)ie  fnuiid  \tions  of  the  Portland  limestone.  It  receives,  besides,  during 
the  rauiy  niuiuhs,  large  supplie^^  of  pebbles,  satul,  and  mud,  winch  aume- 
rous  streams  from  the  Grampians,  Cheviots,  and  oilier  chains,  send  down 
to  the  sea.  To  what  regions,  then,  is  all  this  matter  consigned  T  It  is 
not  retained  in  mechanicrd  suspension  by  liie  Wiiiers  of  the  ocean,  nor 
does  it  mix  wilfi  tlit-rn  nv  a  state  of  chemiral  «okiiion, — it  is  deposited 
somewhere^  yet  certainly  not  in  the  immediaie  noighbourliDod  of  our 
•hored ;  for,  in  that  case,  there  would  soon  be  a  ceaaation  of  the  encroach- 
Mat  of  the  tMU  and  large  tracts  of  low  Umd,  Uke  BomMy  M«tili«  worii 
almost  every  wbaie  encircle  our  ialand. 

A«  there  ie  now  a  depth  of  watert  eieeeduig  thirty  feet,  in  aoM  epoli 
where  titiee  iloeriebed  but  a  Ihw  eentwiea  ago,  it  ie  ^ear  thai  the  euMil 
Boi  onlj  eairies  fiir  away  the  iiateriaU  ef  the  waeted  elUb,  Iwl  veMtia 
alao  the  nuna  ef  nany  of  the  tegular  etnla  at  the  hottai  ef  the  eee. 

80  great  ie  the  qnanti^  ef  natter  heU  in  enapeMian  by  the  tidil  ew- 
renl  on  oar  ihoiee«  that  the  wataie  am  in  eone  plaeee  artificially  inn^ 
dooad  into  eertain  lande  below  the  levd  of  the  eee;  and  by  repeating  thia 
operatiottt  whieh  ie  calied  ^  warptog,"  §k  two  or  thiee  yeen*  eoaaadan* 
ble  traela  have  been  iaiaed«  is  the  eatoary  of  the  HaflBber«  to  the  height  of 
about  six  feet.  If  a  current,  charged  with  eeeh  naterials,  meets  with 
deep  depressions  in  the  bed  of  the  ocean,  it  must  often  fill  them  up ;  jast 
as  a  river,  when  it  meets  with  a  lake  la  il^i  ojurse,  iklin  it  gradually  wiiii 
sediment. 

T5ui  in  the  ono.  case,  the  sheet  of  water  is  coavcrLed  into  land  ;  whereas, 
in  the  oihcr,  a  shoal  onlv  is  raised,  overflowed  at  high  water,  or  at  least 
by  spring  tides,  'i'he  only  records  which  we  at  present  possess  of  the 
gradual  shallowing  of  seas  are  confined,  as  might  be  expeded,  to  estuexaeBy 
havens,  and  certain  channels  of  no  great  depth  {  and  to  some  inlanii  seas, 
aa  the  BaltiOt  Adhatie,  and  Arabian  Gulf.  It  ia  00I7  of  late  yean,  thai 
aeeofite  eorvejra  and  sooadings  have  afforded  data  of  eoaipaiieoM  ia  very 
deep  aeaSf  of  whieh  fntore  geol^isis  will  avail  themaalvee. 

An  extiaoidinaiy  gain  of  land  ia  deseribed  te  have  tahaa  plaee  at  the 
heed  of  the  Bed  Sea,  the  lathania  of  Soea  haviaf  doabled  ia  breadth  aiace 
the  ege  of  Herotodne.  Ia  his  tioMi  aad  dowa  to  that  of  Airiaa,  Heroop" 
die  wee  oa  the  eoeati  now  it  ie  ae  ler  diatnt  frora  the  Red  Sea  ae  tan 
the  Meditenaaeaa.*  Saea  ia  1  Ml  leeeivcd  tato  tia  heihoar  the  fleet  oT 
SolyaieaiL;  btttitiaaowehangedhrteaeand-baak.  The  oeoatiry  ealM 
Tehama  on  the  Arabmn  side  of  the  Gnlf  has  inereaeed  from  three  to 
six  miles  since  the  Christian  era.    Iniiiiid  iiom  the  present  ports  are  the 

*  Danville,  lUm.  snr  rElgjppis,  p.  lOBd— Von  HoO;  vol.  L  p.  990. 
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«f  am  iMtel  towMt  whM  wm  €004  M  MMhoit,  iid  bon 
Um  mm  bi— ■■  II  it  Mid  Uuit  the  Wnwm  mmI  fiMi  thedMuti  iitpplt«i 
MHM  pwioftlM  MlHwh  ^Ihii  M«  land,  aad  UiAi  lilt  Mtt  !•  coapoatd 

of  tMk  and  corals,  of  which  the  growth  is  very  nptil. 

FiUins;  up  of  the  German  Ocean, — The  German  Ocean  is  deepest  on 
the  Norwegiaa  bide,  where  tlic  ^auiidiugi.  give  IDU  laLlioins  ;  but  the 
mean  depth  of  the  whole  basin  may  be  stated  at  not  more  tlnn  ihiriy-tjiie 
l.iiliom-'.*  The  bed  of  this  sea  is  traversed  by  several  enoniiousi  bank$» 
one  ui  which,  oceupyin^  a  central  posiiion,  iremls  for  the  Frith  of  Forth, 
in  t!  north-easterly  direction,  to  a  distance  ol  110  milfs  ;  f)tlu•l^  run  iVorn 
l)('iiii!:i:  k  nnd  .fuLl;i:id  upwards  of  105  miles  to  the  Jiortti-weet ;  while  ih© 
greatest  of  ail,  tlie  Dogger  Bank,  extends  for  upwards  of  354  miles  from 
north  to  south.  The  whole  superficies  of  these  enormous  thMit  it  equal 
to  ahout  one-fifih  of  thm  whole  area  of  the  German  Ocean,  or  fo  about 
bne-third  of  t!ir  whole  esloiit  ol  £o|^d  and  SooUand*!  Tlio  Vfoiigo 
lM%btof  the  beoka  latatoptB,  aeeordiof  to  Mr.  StevanaoOf  about  aava&tjr- 
eight  ibety  the  ujpiptt  poftioii  of  thoM  cooaiattiig  of  fiat  and  eoane  tilii* 
oeooe  aeodf  mixed  with  eouumitod  eoralt  and  abeU*4 

It  hM  been  MppoMd  bj  Mine  wrilen»  ibat  thoM  vatt  aobnarioe  bilb 
m  made  mp  bodilj  of  drift  anidt  ami  other  koM  materialit  prittmpally 
M^ditd  from  the  waato  of  ihe  Eogbab,  Doiobt  ami  other  eoaala.  Bat 
llie  laie  Mrvejr  of  the  North  Sea*  eondoetad  by  Captaitt  Howettt  aflMe 
froond  for  suspecting  that  this  opinton  it  very  ernmeoot.  If  aoeh 
immense  mounds  of  sand  and  mud  had  been  accumulated  under  the 
influence  of  currents,  iho  b-^me  eauscb  ougiil  nearly  to  have  red  need  to  a 
level  the  entire  boiium  of  the  German  Ocean;  jn^^uad  ot  ^vlllch  ^oma 
lori:^  n;irrr)\v  r;ivtne<»  are  fiuiiid  lu  iiiiersect  the  l.ianks.  One  of  these 
varies  iVoni  seventeen  lo  forty-four  fathoms  in  de[)iU,  and  ha^  very  pre* 
cipitons  sides:  iu  one  part,  called  the  Inner  Sdver  Pits,*'  it  is  liliy-fivc 
fathoms  deep.  The  shallowett  paitp  of  the  Poggerbaak  were  found  to 
be  forty* two  feet  under  water,  except  in  one  plaee,  where  tiie  wibcIl  of  a 
Mp  had  caused  a  shoal |  90  that  wo  may  aoppoM  tiie  etirrents,  which 
iar7  in  their  veloeltf  from  e  mile  to  two  miles  and  o4ialf  per  liooTf  to 
ba?o  power  to  piofont  the  aeeomolaliott  of  drift  amtter  io  plaoM  of  ItM 
depth.  It  oMmt*  tbent  that  the  gmt  bonkt  abet e  aUodtd  tt^  and  tbo 
lonoM  wbieh  inlattMt  tbamt  aannot  be  doe  lo  tho  ndM  ami  oortonlt  now 
esietlng  in  thia  aoa.  Thtf  maj,  howofor,  bane  bean  oanaed  in  gtaal 
part  by  tbo  notonmnta  of  dm  ooaan  ot  Mom  foimor  poriod*  whan  iJm 
bad  of  thie  eaot  and  the  enite  of  tbo  land  adjoimng,  atnmod  ilt  notnal 


*  Stevensmi  on  the  M  «f  Iht  OenMB  OattB*  tt  Morth  Bse.  Bd.  FhiL  Joen. 

No.  V.  p.  44.  laao. 

t  Ihid*,  p.  47.  t  kkid. 
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trwli  of  the  tea,  «i|oinuig  tiM  eowt  of  Englmd,  wlim  ire  kiww  th«l 
eomiiti  m  not  only'  ewoepiDg  along  roeky  maoMt  Ihrewn  down,  fimn 
time  to  time,  from  tlie  Wgfa  eUffe,  bat  aiao  ooeialonally  scooping  oil 
channels  in  the  regular  strata,  there  shoold  OKiat  fragUo  abelle  and  lander 

zoophites  in  abundance,  which  live  uninjured  by  these  violent  movements. 
The  ocean,  however,  is  lu  this  respect  a  couiiterparl  of  the  land;  and  as, 
on  the  continents,  rivers  may  undermine  their  banks,  uprdoi  trt  c»,  aiii 
roll  aloiifT  sand  and  i^ravel,  while  tlieir  w  iit  rs  are  inhabited  bv  leslacea 
and  fish,  and  their  alluvial  plains  are  aiioraed  wiili  rich  vegretaiion  and 
forest.';,  sn  ihf  ^ea  may  be  traversed  bv  rapid  curreiiUs,  and  bed  may 
here  and  there  .^nffer  irreai  h:)(-a]  derangement,  without  any  tntemip&k« 
of  the  general  orchT  and  tranquillity. 

One  important  character  in  the  formations  produced  by  currents,  is, 
die  ioiniettie  extent  over  which  ihejr  may  be  the  meane  of  diffusing 
homogeneous  mixtaNe«  for  theee  ave  often  co-eztensiva  with  a  fram  line 
of  eoast,  and,  by  comparieott  with  their  depoaila,  the  doltaa  of  rifan 
moat  ehrink  into  inalgntfieance.  In  the  MadMemnaant  the  eaaw  oofiani 
whieh  ie  rapidly  deatroying  mai^  parte  of  the  AIMean  ooail,  baHPaon  die 
Straita  of  Gibraltar  and  die  Nile,  preya  aleo  npon  the  delta  of  tba  Nile, 
and  drifle  the  aediment  of  that  great  rivar  to  the  eeaiwafd.  To  thia 
aouree  may  be  attribnted  the  rapid  aocratiane  of  land  on  parte  of  the 
Syrian  ahoree  where  rifaia  do  not  enter. 

It  ia  the  opinion  of  M.  Oirard,  one  of  tiie  eeientifio  men  who  neeom- 
panied  Napoleon's  expedition  to  Egypt,  and  who  were  employed  on  the 
survey  of  the  iiiioieiu  canal  of  Amron,  commuaa  aiinL:  between  the  Nile 
and  the  Red  Sea,  that  ihe  isthmus  of  Suez  itself  merely  a  liai  litniad 
by  the  depubiuun  of  this  current  and  of  the  Nile,  and  Uiai  i\w  iwo  seas 
were  formerly  united.*  It  is  certain,  as  before  staled,  that  the  isthmus 
is  daily  gaininrr  in  width  by  the  accessioa  of  fresh  deposits  on  the  shores 
of  the  Meditei  raiieaii.t 

The  ruins  of  ancient  Tyre  are  now  far  inland,  and  those  of  ancient 
Sidon  are  two  miles  distant  from  the  eoaat,  the  modem  town  having  been 
removad  towarde  the  aaa4  But  the  aoutli  coast  of  Aaia  Minor  afiacda  for 
more  striking  oxunplea  of  advanoea  of  the  land  upon  the  sea,  where 
email  streams  coKiparata  with  the  enirent  before  mentionad*  Captain 
Beanfort,  in  hie  Sorvay  of  dial  eoaat,  haa  poimed  oat  the  giaat  alleinilana 
afiaeied  on  theee  ahoiaa  ainee  the  ttma  of  Strabo^  where  havena  are  filled 
np,  klanda  Joined  to  the  mainland,  and  wheia  tlw  whole  oootinant  baa 
increaaed  many  milee  in  extent,  teabo  himaelf,  on  eomparing  the  oni^ 

•  Description  dc  I'Egvpte,  Memotrp^.  ioOL  L  p. 
t  Q\idri.'rly  Review,  No.  Ixxxvi.  p.  445. 
I  V  uu  Hoii,  vol.  1.  p.  2^. 
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Ii»a  «r  Hie  oonn  fai  Us  tee  wilk  its  iwimt  itile,  was  eoavboed,  liki 
o«  aeiwlfjMea»  tet  it  hid  geined  vei7  eooMmbly  Qpoa  te  The 
Mw  ibv«ed  eliile  ef  Am  HiMT  eonrial^iliiMb  moleflooe^ 
mettMiali.  Ahaeel  eU  te  etteealeli  end  liiem,  like  im^  of  toe  in 
Tuecany  aad  the  Mwtli  of  Italy,  hold  ibmidaaea  of  eerboneie  of  lase  w 
Mlotae*,  md  precipitele  tnvertii,  or  ■omaliaMe  bad  togeUMr  the  nod 
and  grsrel  iaio  toUd  MudaloiMs  tod  conglonienitM :  erwy  delta  and  sand 
bar  thus  acquires  solidity,  which  often  prevents  streams  from  forcing 
their  way  lii rough  iliexu,  so  that  their  moutlLd  are  coubUuilJy  ciiaiigiog 
iheir  position.* 

Disiribuiion  of  the  sediment  of  the  *^mazon  by  currt  nt^. — Aniontr  the 
greatest  deposiia  now  in  progresa,  and  oi  which  the  distrilnjliuii  is  r  lnelly 
determined  by  fiirrpnts,  we  may  class  thosu  heiu  txn  the  mouili.s  of  i[ie 
Am%2on  and  the  southern  coast  of  North  America.  It  has  been  before 
stated  that  a  great  current  flows  along  the  coast  of  Africa,  from  the  south, 
which*  wheo  it  leeehes  the  heed  of  the  Gulf  of  Guineey  end  ia  oppoaed 
by  the  welen  brought  to  the  same  spot  by  the  Guiaoe  ciinost»  etwemi 
00"  in  a  westeriy  diieetion,  and  poieoea  ila  ie|Md  ooone  quite  eeiooe  the 
▲lleolie  le  the  eontioeot  of  South  AMotioe.  Here  one  poftion  procoede 
nlonf  te  nocthetnooeetof  BmU  to  the  Caribbean  See  end  the  Golf  of 
Moneo,  Oeptein  Seblne  Ibond  that  thie  enneot  wae  fonnii^  with  the 
OBloniehiag  lapidity  of  four  ntUee  en  hour  whece  it  cioaeea  the  etneni  of 
the  Amenenf  whioh  river  pieeafree  pert  of  in  origtiiel  impolae,  aod  bee 
ili  weaeie  not  wiiolly  oiiogled  with  thoae  of  the  ooean  et  the  dieteDce  of 
390  ttiiee  ftom  ili  month.t  The  eedinient  of  tho  Ameioo  ie  thee  oon- 
etandy  carried  to  the  north-weat  aa  &r  ae  to  the  aioutha  of  the  Orinoco,  and 
an  immense  tract  of  swamp  is  formed  along  the  coast  of  Guinea,  wiUi  a 
long  ranffe  of  iiiutidy  shoaU  iKinli riiii;  the  marshes,  and  becoming  con- 
verted into  iaiui.t  The  sediiiicni.  oi  llie  Orinoco  is  p  uily  lielanied,  and 
ist'Ules  near  its  liiouth,  cautiiiig  the  shores  of  Trinidad  lu  extend  rapidly, 
and  is  partly  swppt  away  into  the  Caribbean  Sea  by  the  Guinea  current. 
Arrordinjr  to  Humboldt,  much  sediment  ii?  carried  again  out  ol  the  Carib- 
bean kiea  into  the  Gulf  of  Mexico,  'i'hc  rivers,  also,  which  descend 
Ifofli  the  high  platfonn  of  Mexico,  between  tlie  mouths  of  the  Norte  and 
TenipieOy  when  they  eirive»  ewoUen  by  tropical  rains,  at  the  edge  of  that 
platform*  beer  down  an  enormous  qnentity  of  rock  and  mud  to  the  seat 
hot  the  ennentt  eettang  eeroea  their  months,  prevents  the  growth  of  deheiv 
end  pieeerfce  en  elmoet  nnilbnn  eunre  in  that  line  of  ooeet,$  it  moat, 
ihemfbtOf  oneil  e  greet  titnepoffttng  powert  and  it  ceoeot  fail  to  eweep 

*  KutuoBsaiaf  or  a  brief  Description  of  the  Coast  of  Asia  Minor,  &e.  LondoOy  1017. 

t  Expertm*»nt<<  to  dctennino  the  Figure  of  the  Earth,  &c.,  p,  445. 
I  Lochead'e  Observations  on  the  Nat  Hist,  of  Guiana.    Edin.  Trans.,  vol.  iv. 
^  This  coast  hnm  hetn  recently  examined  by  CajptatA  Vetch. — See  also  B&uza  s 
new  chart  of  the  Ci  uii  of  Mexico. 
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away  part  of  ilie  laaUer  which  is  (Uflchargud  Irum  ihe  uiouiiisi  of  the 
Norte  and  the  Mississippi. 

Jtrea  over  which  sfraia  may  be  formed  by  mrrents. — In  regard  to  the 
distribution  of  sediment  by  currcMUs,  it  may  be  observed,  that  the  rale  of 
Subsidence  of  tiic  iiiicr  mud  carrif^d  dawn  bv  every  ^rreat  river  nno  ihe 
ocean*  mast  be  extremely  slow ;  lor  the  more  minute  ihc  separate  par- 
ticles of  mud,  the  slower  will  they  sink  to  the  bottom,  and  the  sooner 
will  they  acquire  tvhat  is  called  their  tcrmioal  velocity.  It  is  well  knowB 
lii«t  a  solid  body«  descending  through  a  reshting  mediimi,  fails  by  th« 
force      giiTityt  which  is  constant,  but  its  motioo  is  resisted  hj  the 

mora  siid  mow  «s  ill  velocity  tneresMSi  mitil  the  rssistaiice 
comes  snffieieiit  to  eoimtenet  tlw  farther  iMMse  of  veieeitf  •  For  e» 
tmpie,  a  letden  bsll,  one  inch  diameter^  fUllBg  thrangh  air  of  deoeity  as 
at  the  earth's  surface,  will  never  aoquiie  greater  velocity  lhao  S60  feet 
per  second,  aadi  in  water,  its  greatest  vdoefty  will  t»e  eight  Ibet  mx  iacksi 
per  seeond.  If  the  diameter  of  the  ball  were  7^  of  en  inchi  Ihe  lerminsi 
Tctocitlea  in  dr  wonU  be  twentywslx  fbel,  and  In  wMr  .89  of  a  foot  per 
second. 

Now,  every  chemist  is  familiar  with  the  fact,  that  minute  panicles 
descend  with  extreme  slowness  through  water,  the  extent  ot  iheir  surface 
being  very  great  in  proportion  to  their  weight;  and  the  resistance  of  the 
fluid  depending  on  the  amount  oi  burface.  A  precipitate  of  sulphate  of 
baryta,  for  example,  will  sometimes  require  more  than  five  or  m\  hn-ira 
to  siibside  one  inch;*  while  oxalnte  and  jdiosphale  of  linie  require  iicaily 
aa  hour  to  subside  alxiut  an  iu<di  uiid  a-iiaii  and  Uvo  incijes  respectively ,t 
SO  exceedingly  small  are  the  particles  of  which  tlicse  substances  consist. 

When  we  recollect  that  the  depth  of  the  ocean  is  supposed  frequently 
10  exceed  three  miles,  and  that  currents  ron  through  difleient  pane  of  thai 
ocean  at  the  rate  of  four  miles  an  hour,  and  when  at  tiie  came  time  we 
consider  that  some  fine  mnd  cairied  down  hy  rivers,  as  well  as  dm  impak 
pable  powder  showered  down  by  Yolconeo,  may  anbehle  at  the  mto  of  only 
an  inch  per  honr,  we  shall  be  piepaied  to  find  «nasplM  of  the  tmnspoitfr 
tion  of  sediment  oter  areas  of  indefinite  extent. 

It  is  not  nncommon  Ibr  the  emery  powder  nsed  in  pciishing  giass  te 
take  more  tlian  an  honr  to  sink  one  fimt  dnppose  mud,  compoeed  of 
partidee  twice  as  coarse,  to  fall  at  the  tale  of  two  feet  per  honr,  and  tksoe 
to  be  dischsiged  Into  that  part  of  the  Onlf  Birsam  wfai^  preeerves  a  mean 
Tcloeiiy  of  three  mllee  en  honr  fat  a  dialanoe  of  two  thousand  mites ;  in 
twenty-eight  days  these  particles  will  be  carried  2016  miles,  and  will  have 
fallen  only  to  a  depth  of  224  fathoms. 

In  tliis  example,  however,  it  is  assumed  that  the  current  retains  tis 
super^ial  velocity  at  the  depUi  of  224  fathoms,  for  which  we  have  as  ysi 

•  On  the  aotilOTity  of  Mr.  Faradnv. 
t  OatiMaatbon^drMr.lLrhiUaps. 
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■odalk  BiptriMrii ahaild b» adb to MWteia Ute iK»#f WiiwHi at 
coMidmbla  diflttMM  from  dio  ooifooo,  and  tho  timo  likan  by  Iho  iooil 
riw  oodiMooft  to  totflo  in  Mo-«alir  of  o  givw  dtpcb*  aod 
gbi  wmj  dMonniio  tho  aieo  ovor  whieb  hoaMifMooi  miilnMi  moy  bo 
oiowteoeoiMlf  dwiribolsd  in  eertrio  Moa. 

SlrtUification.-^ln  regard  to  the  inlemal  arrangement  of  femotiooi 
deposited  in  ihe  deep  sea  by  currents  far  from  Uie  land,  we  may  infer  that 
ia  them»  as  in  deltas,  there  is  usuallv  a  division  into  strata;  lor,  iii  bolli 
f-ases,  the  accumuhituins  are  successivf ,  and,  tor  the  most  part,  interrupted. 
The  waste  of  clift's  on  Uiu  British  coast  is  allno^l  entirely  contined  to  the 
winter  months  ;  so  that  running  waters  in  the  sea,  like  those  on  the  laodi 
mre  periodicail/  cliacged  with  ttdiaieDt.  ami  agaia  become  poxe. 


OHAPTSR  IX. 
tmnom  oaom. 

'I^tinct  volcanic  regions — Region  of  the  Andes— Systaan  of  Toloaaoaeztendiaf 

jfh>m  the  Al»^fitinn  isiles  to  the  Moluccu  (p.  29S.) — Polynesian  archtp<>lnfrn — Vol- 
canic region  i  xif  iiduig  from  the  Cai«pinn  Sea  to  the  Azores — Former  cotmcxion 
of  the  Caspian,  Lake  Aral,  and  Sea  ot  Azof — Tradition  of  deluges  on  the  shores  of 
the  lioepboraa,  Helleeponti  and  Grecian  ialea  (p.  32>d.)— ^Periodical  altecoation  of 

1^  30B.)--EartbqBabeaianf  aodiaova  fteble  at  we  leoeda  turn  the  eentiea  of  vol* 
eaale  aelioa  Erfaot  Tokanoa  not  to  be  uwlodod  io  Unoa  of  active  veata. 

Ws  hotro  bithocio  oonoidoMd  tbo  ofaanfoo  wioogbt*  Mneo  tho  timei  of  bio* 
torj  and  tiadition,  by  tho  eontinood  action  of  aqoeono  caoioa  on  tbo  oarth'a 
aorfaoo;  and  wo  bavo  noit  to  oiamlno  thoao  reaolting  from  ignoooo 
agency.  Aa  tho  riveta  and  apringa  on  the  land,  and  tbo  tidoa  and  eurrenta 
in  tho  aea,  have,  with  aome  alight  modificationa,  been  6xed  and  constant 
to  certain  localities  from  the  enrliest  periods  of  which  we  have  any  records, 
so  the  volcano  and  the  earthquake  fiavc,  with  few  exceptions,  continued, 
durinif  the  same  lapse  of  time,  to  disturb  tlip  same  reiriouf .  But  as  there 
are  on  ;iliii(>si  every  part  of  our  comUik  nt,  of  great  power  iiaving 

hppn  ex*"rled  fiy  runniiiL''  water  on  the  siirlace  of  the  land,  and  by  wnvps, 
tides,  an<l  currents  on  cliffs  bordering  the  sea,  where,  in  niodtTii  umes, 
no  rivers  have  excavated,  and  no  wavee  or  tidal  currents  undermined-  oo 
Vol.  M 
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we  find  signs  of  volcanie  Tents  and  Tialent  subterranean  movemenis  in 
places  where  the  action  of  fire  has  long  been  dormRnt.  Wo  can  explain 
why  the  intensity  of  the  force  of  a()uo(^ui>  causes  should  be  developed  in 
succession  in  different  ditslrtcu.  Currents,  for  example,  tides,  and  the 
waves  of  the  sea,  cannot  destroy  coasts,  shaj)e  dut  or  silt  up  c?tii:iries, 
break  through  isthmuses,  and  annihilate  islands,  form  .■^lioals  m  v)ih^  plnr*^ 
and  remove  them  from  another,  wiitioiu  the  direction  and  position  of  irieif 
destroying  and  transporting  power  becoming  transferred  to  new  localiues. 
Neither  can  the  relative  levels  of  the  earth's  crust,  above  and  beneath  the 
wmten,  vary  from  time  to  time,  as  they  are  admitted  to  have  Tnied  at 
former  periods,  and  as  it  will  be  denoBilmted  that  they  still  do»  witlwal 
the  continents  beings  in  lb*  toorae  of  eges,  modified,  and  aten  entirely 
altered*  in  tbeur  eztenwl  configuration.  Such  evente  nrast  clearly  be 
■ceompmied  by  a  comidele  cbange  io  the  Tolojiiet  leloeiQri  end  direelkNi 
of  the  etreeme  end  lend  floode  to  whieh  oertein  iiglone  give  pieeige, 
Tliet  we  eboold  find,  therefove,  diflb  where  the  eee  oooe  eoflunitied  reve- 
gee«  end  from  which  it  .hae  now  reticed— eetueriee  where  high  tidee  once 
loee,  but  which  ere  now  dried  itp^telieye  hollowed  out  by  weler*  when 
no  etreeme  now  fiow,  is  no  more  then  we  ehonld  expects— theee  end 
elmiler  phenomenft  ere  die  neceaaery  conaequeneee  of  physical  ceneee  now 
in  operation ;  and,  if  there  be  no  inetabflity  in  the  lawa  of  natare,  eimiier 
fluctuations  must  recur  again  and  again  in  time  to  come. 

Bui,  however  natural  it  may  be  that  the  force  ol  running  water  lu 
numerous  valleys,  :md  of  tides  and  currents  in  many  irauis  of  the  sea, 
shouhi  iiou  ho  spffit,  it  is  by  no  means  so  easy  to  explain  why  Uie  vio- 
lence ol  the  earUiquake  and  the  lire  of  the  volcano  should  also  Ijnve  be- 
come locally  extinct,  at  successive  periods.  We  can  look  back  to  the  time 
when  the  marine  strata,  whereon  the  great  mass  of  Etna  rests,  had  m 
existence;  and  that  time  is  extremely  modem  in  the  earth's  histoiy. 
This  alone  afibrda  groand  for  anticipating  that  the  eniptiona  of  Etoe  win 
one  day  cease. 

Nec  quae  sulfureis  ardet  fornacibus  yKtna 
Ignea  semper  erit,  neqtu  mim  fuit  ignea  semper, 

em  Ihe  menorable  woida  which  em  pat  into  the  moatb  of  Pythegoena  by 
An  Boaan  poet,  and  they  are  followed  by  spaenletiCQe  ee  to  the  eiaee  ef 
Toloanio  venta  abifting  their  positions.  Whatever  doubts  the  philoso- 
pher expresses  as  to  the  nature  of  these  eaui^es,  it  is  assumed,  as  incon- 
trovertible, that  the  pouiut  ul  criipliou  will  hereafter  vary,  because  ike^ 
have  formerly  done  so, 

I  have  endeavoured  to  show,  in  former  chapters,  that  this  priori  pi.  ui 
reasoning  has  been  too  much  set  at  naught  by  some  rtiodern  lu».il>  of 
^eoloyy,  which  not  only  refuse  to  conclude  ihat  ^reai  revolutuH..^  m  Uie 
cwUi'a  iMU^iace  iire  uow  m  prc^reas,  or  thai  tbey  wiii  take  piece  bereaftafi 
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htcnttt  iimf  hm  oAes  bm  mpailad  m  kmn  ageti  tot  4f can  aifom 
«lw  ifflpRMnlity  of  fueh  a  oomiMHwii  wmI  tbvow  tk^  wliol*  wtiglu  of 
pioof  OB  llMMe  by  whom  that  doalriafl  i»  MsbiaMd* 

MMm  4f  lAe  ec^,— VoletBia  aatm  may  be  Mnad  be  « tha 
inflneaoe  exerted  by  the  kealed  interior  of  the  earth  on  its  external  cover- 
ing." If  we  adopt  this  definition,  without  connecting  it  as  Huiabuldt  li»iS 
done,  wiih  liie  liieory  of  fcccuUr  rtiliigef«kLiuii,  or  the  cooling  down  of  an 
original  heated  and  iiuid  nucleus,  we  may  then  class  under  a  general  head 
all  the  subterranean  phenomena,  whether  of  volcanos,  or  eartliquakest  or 
thoee  insensible  rnovemeala  ol  the  land,  by  wliirh,  as  wiM  aflerwnrds  ap- 
pear, large  dislncts  may  be  depressed  or  elevuiedt  without  convulsions* 
According  to  this  view,  I  shall  consider  ^rst,  the  volcano}  secondiyi 
the  earthquake ;  thirdly,  the  rising  or  sinking  of  land  in  countries  where 
than  aia  ao  volcanos  or  earthquakes ;  foarthljr«  the  pialwhliy  MMMf  of 
tlie  chaafoa  wiii«h  leeull  iron  eubterraMaii  agency. 

It  is  a  fery  general  opinion,  thataarthquakae  aad  volcanos  have  a  ooni'^ 
mm  oijfta  t  Sot  both  am  aoofinad  to  eartaia  rigioiia«  althoi^  tba  anhtar* 
faaaan  aiovaiaeiila  aie  laaat  violaoiia  the  iiBttadiata  pfMinitjF  of  TfAonim 
f«ata»  aepawiMy  whiio  lha  diaahatga  of  atfrifonn  flnida  aad  malted  lock 
ia  anda  eaiialiiitly  fraai  tba  mm  aiaaar*  Bat  at  tbasa  an  pailMoier 
flonat  to  whieb  both  lha  poinla  of  araptioo  and  the  mofaniaota  of  graat 
aaiibqoafcaa  aia  ooafiaadf  I  aball  begin  by  tnotag  ont  the  geographieal 
booadariia  of  foau  of  tboMf  tiiat  tba  laidar  may  bo  awuaof  tba  magnifi- 
cent scale  on  which  the  agency  of  subterraneaa  fire  is  now  simultaneous* 
ly  developed.  Over  the  whole  of  the  vast  tracts  alluded  to,  active  vul- 
CHiiic  vejii^j  are  diblriluiU'd  ai  iiiicrval^,  and  most  commonly  arrant^^il  in  a 
linear  direction.  Througiioui  die  laiermediale  spaces  there  is  ubundatit 
evidence  that  the  subterranean  fire  is  at  work  conuiujfnjsly  ,  for  the  f^roimd 
IS  convulsL'il  froiri  lime  to  time  b y  earlhqiiakei- ;  gabeoui»  vapours,  especially 
carbonic  acid  ^'^ay,  are  disengaged  plentifully  from  the  soil;  sjtniiijs  often 
issue  at  a  very  hit^^h  temperature,  and  their  waters  are  usually  impreg- 
nated with  tba  same  mmaral  mattexs  m  are  discharged  by  vokaaoe  during 
atoptioBa* 

iUgim  ^tka  Mkt^-Of  tbaee  giaat  wgiona,  tbatof  tba  Aadea  Sa  one 
of  the  beat  dattpad.  Baapoetlog  ile  fotttham  aztmmitj,  wo  an  ■till  m 
naad  of  mon  Mania  ioformatioB.  doable  baiog  antarlaiaad  by  iooia 
wbalhar  it  aztandi  into  IHaRa  del  F^ago.  Captain  Hall,  bovravar,  bad  a 
diamnt  viow  fram  Ui  ship,  in  1892,  of  appaaianaas  wbiob  laom  dearly 
to  indieale  an  eraption  of  a  Tolcano  plaaad  near  tba  Baagla  Chaaaal  (50^ 
48' 9.  lat.,  68^  W.  long.)  8avaial  loleanoaan  said  toazietintba  Andaa 
of  Patagonia,  and  no  less  than  nineteen  points  of  eruption  are  well  known 
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iB  OMIiv  litiittad  in  a  oontiinioiif  Um  fron  toatb  to  north,  and  fimnif 
lofty  monntalno.  Tbo  nanbet  may  heiMftor  be  greatly  •ngnMBted  wkon 
the  ooontfy  bai  been  more  euoAiUjr  ezanined,  end  thronghont  a  longer 
period.    How  long  an  intertal  of  feet  may  entHle  ne  to  eooeider  a  vel> 

cano  as  extinct,  is  not  easily  determined  ;  hot  we  know  that,  in  Ischia, 
there  intervened,  between  two  consecutive  eruptions,  a  pause  of  seven- 
teen  centuriet ;  and  a  much  iongtjr  period,  perhaps,  elapsed  between  the 
eruptions  of  Vesuvius  before  the  earliest  Greek  colonies  settled  in  Cam- 
pania, and  the  renewal  of  its  activiiy  in  the  reign  of  Titus.  It  will  be 
neces'sary,  liicrHlorc,  lo  wait  for  at  least  six  times  as  many  centuries  as 
have  elapsed  sint  o  ilie  discovery  of  Aith nca,  lu  fore  nny  one  of  liie  dor- 
mant craters  of  the  Andes  cun  he  [)r('suitied  to  be  etiiircly  spent,  unless 
where  there  are  some  geohgUed  proois  that  tbe  iateet  erupiioBs  inuet  bare 
bekmged  lo  a  remote  era. 

From  the  observations  of  Humboldt  it  appenrs,  that  all  the  volcanoe  of 
the  Andee«  whether  extiiiet  or  aetivo^  have  bnmt  throngh  beaalla  and 
traehytea,  or  through  some  igneone  roeka  of  a  porphyritie  etroetnin*  Aft 
Ae  loftieat  anmmite  of  the  range  are  oompoeed  of  Cfa^yte»  with  which 
abaadanee  of  obaidian  ia  oooaalooaUy  aaeoeiated,  and  large  aeenmnlallena 
of  pomioe  and  taff,  the  latter  formed  of  fragmenta  of  la?a  and  eindefa  eg- 
ghitinated  together. 

YiUariea^  in  laL  18^  8'  8.,  one  of  the  principal  of  the  Chilian  voleanee» 
ooBtinnee  homing  withoot  iotermiaaion>  and  k  eo  high  ihatll  maybe  dia- 
tiofoiahed  at  the  dialanee  of  ISO  miles.  A  year  never  passes  in  this  pro- 
vince withoot  some  sli^t  shocks  of  earthquakes;  and  about  once  in  a 
century,  or  oftener,  tremendous  convulsions  occur,  by  which,  as  will  be 
afterwards  seen,  the  land  has  been  shaken  from  one  extreauiy  lu  ihe 
other;  and  continuous  tracts,  inchuling  part  of  ihc  lied  of  the  Pariflc, 
Uhvv  been  pernianenily  raised  from  one  to  twenty  li  ei  or  more  above  ilieir 
foruicr  level.  Hot  spring^f?  are  nnmerons  in  this  di^iric  t,  as  well  as  sprioga 
of  naj>litli:i  and  pciroleum,  and  iniiKTcii  waters  of  ^■;l^l^)ll3  kinds. 

If  we  pursue  our  course  northwards,  we  find  in  Peru  only  one  active 
voloaoo  as  yet  known;  but  Uie  province  is  so  subject  to  earthquakes,  that 
eearcely  a  week  happene  without  a  shock,  and  many  of  theae  Imve  been 
ao  oonsiderable  as  to  ereale  great  changea  of  tlm  surface. 

Praeeading  farther  northt  we  find  the  moateonaiderablevoloanoa  of  the 
Andea  sitaated  in  the  piovinee  of  Quito,  where  thai  ohain  aitaina  itt 
highest  elevation.  Theae  voloanoot  oceorring  between  the  seoond  degree 
of  aonth  and  the  third  dogma  of  north  lat««  are,  Cayambe,  Oolopaiit 
Piehineha,  Antiaana,  L^Altar,  and  Tungnragoa.  The  form  of  Cayambe^ 
whose  aommit  ia  croased  by  the  line  of  the  oqoatort  la  that  of  a  tntncatad 
eone,  whieh  risee  to  the  immenee  height  of  19,aSS  feet.  The  Indians  of 
Lican  have  a  tndition  that  the  mountain  called  L' Altar,  or  Capae 
Urcu,  which  means  ^  the  chief,'*  waa  onoe  the  highest  of  thoee  near  the 
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equator,  being  higher  liian  Chimborazo,  but  in  ilie  rtlgii  uf  Oiiainia 
Aboniaiha,  before  the  discovery  of  America,  n  j)!  oUigiouij  erujUKJii  umk 
place»  which  lasted  eight  years,  aiiii  broke  u  ilown.  The  frapiiu;nts  of 
Iracliyle,  says  M.  IJoussingauU,  which  once  foriiHHl  du-  coiucai  summit 
of  this  Celebrated  mountain,  are  at  this  day  spread  over  the  plain.*  Coto- 
paxi  is  the  most  lofty  of  all  the  South  American  volcanos  whicli  have  been  ? 
ID  a  state  of  activity  in  modern  times,  its  height  being  16,858  feet ;  and 
its  eniptioos  kmw  b«eo  more  frequent  and  destnietave  than  thoie  of  anjr 
other  moanlain.  It  is  a  perfaet  com,  «snaUy  eoversd  witli  an  enormous 
bed  of  snoVf  wliielt  has,  however,  been  someUiiies  melted  soddsiiljr 
liiiriQf  aa  sniption ;  as  ui  Jsa.  Ifi0a«  for  eismple»  whmi  tiw  saows  wtvs 
dlissolrsd  in  ona  night. 

Deiagss  tie  oAsn  ssMsd  in  the  Ante  by  tlis  Itquersntinn  of  grant 
■msoi  of  sttoWf  and  sometinist  by  the  lending  open»  during  earthqaskest 
of  sobtamnean  eaviiins  filled  with  walar«  In  these  ianndaiiooa»  fine 
voleanie  sandf  loose  stonea*  and  other  naierials  whieh  the  water  meets 
with  in  iia  deoeent»  are  swept  awayt  and  a  vast  q[nantity  of  mnd*  sailed 

moyat*'  is  thvs  fonnsd  and  carried  down  into  the  lower  regions.  Mud 
derived  from  this  soaree  desceoded,  in  1797,  from  the  sides  of  Tungtirs- 
^ua,  and  filled  valleys  1000  feet  wide  to  the  depth  of  000  feet,  fcnumir 
barnerai  by  whicii  rivers  were  dammed  up,  and  lakes  occasioned,  in 
these  currents  and  lakes  of  moya  thousands  of  small  hsh  are  souummes 
enveloped,  which,  accorditjg  to  Humboldt,  have  lived  and  nmliipliod  in 
subterranean  cavities.  So  great  a  quantity  of  these;  iish  wf  re  iji  i  ted 
ffuiu  the  volrnno  <»f  Imbaburu  in  i6i>l,that  fevers,  ^vhl(•!^  jirevailed  at  the 
period,  were  aUcibuteU  to  ihs  eiEuvia  arising  from  the  putrid  animal 
matter. 

In  QoitOt  many  important  revolutions  in  ths  pbysteai  featorea  of  the 
country  arc  said  to  have  resulted,  within  the  memory  of  man,  from  the 
oarthqaakss  by  which  it  has  been  convulsed.  M.  Boussingaoli  declares 
has  b^f,  that  if  a  foil  regisler  had  been  kept  of  aU  the  conTcleions  expe* 
rianeed  here  and  in  other  popdous  distriots  of  the  Attdes»  it  woold  be 
lonnd  thai  the  trembling  of  the  earth  had  been  incessant.  The  frequency 
of  the  moTcmenty  he  thinks»  is  not  due  to  volcanic  explosions,  but  to  the 
eoatinnal  falliug  in  of  masses  of  rock  which  have  been  fractured  and 
upheaved  in  a  solid  form  at  a  comparatively  reeent  epoch.  Aaeoiding  to 
the  aame  author,  the  hu^ia  of  several  mountains  of  the  Andee  has 
diminished  in  modern  times. t 

if  we  continue  our  investigations  still  father  to  the  north,  we  find  in 
the  same  liuc  liiree  volcanos  in  the  province  of  Pasio,  and  three  others  in 
that  of  Fupayan.    in  the  provinces  of  Ciuatimaia  and  Nicaragua,  which 

•  Bull,  de  la  Sr»c.  G^ol.,  lorn.  vi.  p.  55. 

f  BbU.  ds  la  Soow  (Ho).  d»  Fxaaoe,  ton.  vi.  p.  56. 
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lie  betweMi  Ihe  isthmw  of  Panaaft  aad  Mezloot  thm  tie  no  1m  diia 
twentf mne  seti?»  Yoloaoos,  all  of  Ihem  oootuaad  bolwm  Iho  tOBili  and 

fifteenth  degrees  of  north  latitude. 

The  ^eal  volcanic  chain,  after  having  thus  pursued  its  course  for 
several  thousand  miles  from  south  to  iiorih,  lurns  off  iii  a  side  direction 
in  Mexico,  in  the  parallel  of  the  city  of  that  name,  and  is  prolonged  in  a 
grp'ai  platform,  between  the  eighteenth  and  twenty-^ecnnd  deijree?  of  north 
Iruitiule.  This  hipli  table  land  ih  said  to  owe  its  prc.scnl  form  lo  the  rir- 
cumstance  of  an  ancient  pyslem  of  valleys,  in  a  cIkiui  of  granitic  raoun- 
tains,  having  been  filled  up  to  the  depth  of  many  thousand  faetf  with 
varioof  ivlcanic  products.  Five  aolive  volcanos  traverse  Mexico  frott 
west  to  east — Tuxtla,  Orizaba,  Popocatepetl,  JoruMo,  and  Colimi* 
JomUot  which  ie  ia  the  eeatre  of  the  great  plaifomt  ia  no  leea  then  120 
miles  from  the  neaveet  ocean'  en  important  eiramatanee,  as  ahowi^g 
that  the  proximity  of  the  aea  ia  not  a  neceeaaiy  condition,  attfaoogh  eer- 
tainlj  a  terjr  general  diaraeleriatie,  of  the  position  of  activo  volcanos. 
The  extraordinary  eroption  of  ihie  monntain,  in  1750,  will  be  described 
in  the  sequel.  If  the  line  which  eonnects  these  fite  vents  be  prolonged, 
in  a  westerly  direction,  it  cots  the  volcanic  group  of  islands,  called 
Isles  ofRevilbgigedo. 

To  the  north  of  Mexico  there  are  three,  or  according  to  some  five, 
volciinos,  in  the  peninsula  of  California,  bin  of  these  we  liave  at  present 
no  detailed  account.  I  have  before  mentioned  the  violent  earthquakes 
which  in  1812  couvnlsed  the  valley  of  the  Mississippi  at  Now  Madrid, 
for  the  ?pare  of  300  miles  lu  lenglli.  As  this  hapjjened  exacilv  il  the 
same  tmie  as  the  great  eartliquake  of  Caraccas,  it  is  probable  that  these 
two  points  are  parts  of  one  continuous  volcanic  region ;  for  the  whole  oi^ 
camference  of  the  intervening  Caribbean  Sea  must  be  considered  as  a 
theatre  of  earthquakes  and  volcanos.  On  the  north  lies  the  island  of 
Jamaica,  which,  with  a  tract  of  the  conttgoone  sea,  has  often  experienced 
tremeiidons  shocks  (  and  these  are  freqnent  along  a  line  extending  from 
Jamaica  to  St.  Domingo,  and  Porto  Rico.  On  the  sonth  of  the  sans 
basin  the  shores  and  monntains  of  Colombia  are  perpetnally  convnlssd* 
On  the  west,  is  the  volcanic  chain  of  Gnatimala  and  Mexico,  before  traced 
out;  and  on  the  east  the  West  India  isles,  where,  in  St.  Vincent's  sod 
Guadeloupe,  are  active  vents. 

Thus  it  will  be  seen  that  volcanos  and  earthquahes  occur  nntnterrapt- 
edly,  from  Chili  to  the  north  of  Mexico ;  and  it  seems  probable,  that  they 
will  hereafter  he  found  lo  extend  from  Cape  Horn  to  California,  or  even 
to  New  Madrid,  in  the  Uiuied  States— a  distance  upon  tlie  whole  as  great 
as  from  the  pole  to  the  equator.  In  regard  to  the  western  limits  of  the 
region,  they  lie  deep  beneath  the  waves  of  tlie  Pacific,  and  must  continue 
unknown  to  us.  On  the  east  they  nre  not  prolonged,  exeepl  where  tliey 
include  the  West  Indian  isiaadt,  to  a  great  distance ;  for  there  seem  to  b« 
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-  indiaaljkHUi  of  fokanae  dUtorbaMt  in  Guiana,  Brasil,  and  Buenoa 

Catunla. — Although  no  volcanos  have  been  discovered  iu  ihc  norlhern 
glons  of  the  new  continent,  we  have  authentic  accounts  of  frequent 
irthquakcs  in  Canada,  and  sorae  of  considerable  violence  have  occurred, 
I  that  of  1663,  hereafter  to  be  described.    A  large  part  of  ihc  estunry  of 
le  St.  Lawrence  and  the  surrounding  country  has  been  shaken  from 
ime  to  time ;  and  we  learn  from  Captain  Bayfield's  Memoirs,  that  along 
he  shores  of  Ibe  tstuary  and  Gulf  of  St.  Lawrence  horizontal  banks  of 
•cent  shells  appear  at  various  heights,  from  10  to  100  feet  above  high 
iKter  unik,  and  inland  bnaehes  of  sand  and  shingle  with  similar  shells, 
IS  also  doTated  linestono  rocks  seooped  out  by  the  waves,  and  showing 
Anee  of  Ulhodomoiis  perforationst       whiefa  indieate  moat  cleariy  the 
•ncoc— ivo  upfaemvittg  of  the  land  sinee  the  sea  was  inhabited  bj  tiM 
«iistiag  speeiee  of  testaeen.* 

WoicanAc  region  from  the  JUmtkm  Aki  U  the  Miducea»,^On  m  sea]e» 
whieh  equals,  or  snrpessee,  that  of  the  Andes,  is  anoHief  eontinnoos  line 
of  volenaae  action,  whieh  eottnenees,  on  the  north,  with  the  Aleutian  Isles 
in  Russian  America,  and  extends,  first  in  a  westerly  direction  for  nearly 
200  geographical  milea,  and  thcii  southwards,  without  interruption, 
throoghont  a  space  of  between  60^  and  70  of  hititndt'  to  the  Moluccas, 
where  it  brandies  off  in  different  directions  both  towards  the  east  and 
north-west.t  The  nortiicrn  extremity  of  this  volcanic  rpG:ion  is  the  pen- 
insula of  Alaska  in  about  55°  of  latitude.  From  thence  tlie  line  w  con- 
tinued through  the  Aleutian  or  Fox  islands,  to  Kamtschatka.  In  that 
aieiupoiago  emptiona  arefieqnent;  and  a  new  island  rose  in  1814|  which, 
aooerdin?  to  some  reports,  is  9000  leet  high  and  fonr  miles  round.^ 
Langsdorf  also  mentions  a  roek  of  equal  height,  consisting  of  trachyte, 
said  to  have  made  its  appearance  at  oooe  from  the  bottom  of  the  eea  in 
the  year  1795.$  Earthquakes  of  the  most  terrifie  deseripcion  agitate  and 
aller  the  bed  of  the  sea  and  surface  of  the  land  throughout  this  tract. 
The  Ime  k  continued  in  the  eoathern  extremity  of  the  peninsula  of  Kamt^ 
icliatlEnt  where  there  are  seven  active  volcanos,  which,  in  some  eruptions, 
have  sontiered  ashes  to  immense  distanoes.  The  Korile  chain  of  islands 
constitutes  the  prolongation  of  the  range,  where  a  train  of  volcanic  moon* 
tains,  nine  of  which  are  known  to  have  been  in  eruption,  trends  in  a 
southerly  direction.  In  these,  and  in  the  bed  of  the  adjoining  sea,  altera- 
tions of  level  have  resulted  ironi  earthquakes  since  the  middle  ui  the  last 

•  Proceedings  of  Ged.  Soc.,  No.  33,  p.  5,  and  Trans,  oi  Liu  Soc.  of  Quebec, 
vols.  i.  ii. 

t  See  map  of  voloaiUs  lines  which  I  bavs  reduoed  snd  cometed  from  V<m  Boch's 
work  on  the  Canaries. 

t  Von  Hoff,  vol.  ii.  p.  414. 

S  Reftned  le  hj  Daatoy,  tayol.        Pan.  98.  p.  916^ 
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eeDtarjr.   The  line  it  then  eontinued  lo  the  aomh-west  in  the  great  Mlmd 

of  Jesso,  where  there  are  aetife  ▼oleanie  vents,  as  also  in  Nipon,  ibe 

principal  of  the  Japanese  ^roup,  where  the  number  ofbnming  motintaiiis 
is  very  great ;  slight  shocks  of  c?irthquakes  being  almost  incessant,  and 
violent  ones  experienced  at  distnni  miervala.  Beiween  the  Japanese  and 
Philippitje  Islands,  the  communication  is  preserved  by  several  bmaU  in- 
sular vents.  Sulphur  IsIuimI,  in  the  Loo  Choo  arcliipelago,  emits  sul- 
phureous vapour  ;  and  Formos:i  snilers  greatly  froni  earthquakes.  In 
Luzon,  the  most  northern  and  largest  of  the  Phihppincs,  are  three  active 
Tolcaaos ;  Mindinao  also  was  iu  eruption  in  1764.  The  line  is  then 
prolonged  througii  Sanguir  and  the  north-eastern  extremity  of  Celebes, 
by  Temate  and  Tidore,  to  the  Moluccas,  and.  amongst  the  rest,  Sumbawa. 
Here  a  great  transverse  line  may  be  said  to  run  from  east  to  west.  On 
the  west  it  passes  through  the  whole  of  Java,  where  there  are  thirty-eight 
large  voleanle  moantains,  many  of  whieh  eontinaally  diaeharge  smoke 
and  sulphoreous  vapours.  In  the  voleanos  of  Sumatra,  the  same  linear 
arrangement  is  preserved ;  but  the  line  inclines  gradually  to  the  north-west 
in  such  a  manner  as  to  point  to  the  aetive  volcano  in  Barren  Island,  in  the 
Bay  of  Bengal,  in  about  the  twelfth  degree  of  north lattlnde*  (See  plate  of 
Volcanic  Band  of  Molucca  and  Sunda  Islands,  facing  p.  296]*  In  another 
direction  the  volcanic  range  is  prolonged  through  Borneo,  Celebes,  Banda, 
and  New  Uuinea;  and  farther  east  ward  iii  New  Uniaii},  New  Ireland, 
and  various  parts  of  the  Polynesim  ;Lr(diipclago.  The  Pacific  Ocean, 
indeed,  seems,  in  equatorial  latitudes,  to  be  one  vast  theatre  of  igneous 
action  ;  and  its  innumerable  archipelagos,  such  as  the  New  Hebrides, 
Friendly  and  Georgian  Islands,  are  all  composed  cither  of  coralline  lime- 
stones, or  volcanic  rocks,  with  active  vents  here  and  there  interspersed. 
The  abundant  production  of  carbonate  of  lime  in  solution,  would  alone 
raise  a  strong  presumption  of  the  volcanic  constitution  of  these  tracts, 
even  if  there  were  not  more  positive  proofs  of  igneous  sgency. 

FokuttU  region/rom  the  C<upian  to  the  Jlzont, — ^If  we  now  torn  our 
attention  to  the  principal  region  in  the  Old  World,  which,  from  time  im- 
memorial,  has  been  agitated  by  earthquakes,  and  has  given  vent,  at  cer- 
tain points,  to  subterrsnean  fires,  we  find  that  it  possesses  the  same  geoersl 
eharacters.  This  region  extends  from  east  to  west  for  the  distance  of 
about  1000  geographical  miles,  from  the  Csspian  Sea  to  the  Azores ;  in- 
dnding  within  its  limits  the  greater  part  of  the  Mediterranean,  and  its 
most  prominent  peninsulas.  From  south  to  north,  it  reaches  from  about 
the  thirty-fifth  to  the  forty-fifth  degree  of  latitude.  Its  nnrtfiern  bounda- 
ries arc  Caucasus,  the  UlackSea,  the  mountains  of  Thrace,  Transylvania, 
and  Huni;ary — the  Austrian,  Ts  rolian,  and  Swiss  Alps — the  Cevennes 
and  Pyrenees,  with  the  mountanis  which  branch  off  from  the  Pyrenees 
westward,  to  the  north  side  of  the  'i'agus.  Its  western  limits  are  the 
ocean,  but  it  is  impossible  to  determine  how  far  it  may  be  prolonged 
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in  Unl  dinelMMi ;  neitfatr  em  w  anigii  with  puciiiaa  ili  eHmaii 
MMm  timh,  tinee  the  ewmtry  beyond  Mm  Caspian  and  tha  Sea  of 

Aral  is  IHUe  known.    Capt.  A.  Burnes,  in  his  recent  expedition  through 

the  valley  of  ihe  Oxus,  found  that  ihe  whole  basin  of  lhal  river  had,  a  few 
weeks  before  he  passed  through  it,  been  convulsed  by  a  tremendous  earlh- 
qnake,  \i'iiich  had  tiirown  down  buiidiags  aiid  obstructed  tiie  couraea  of 
rivers. 

The  fTPL  u  steppe  of  Tartary  is  unexplored;  and  we  are  almost  equally 
ignorant  of  tiie  physical  constitution  of  China,  in  winch  country  many 
violent  earthquakes  have  been  felt.  T}\e  southern  boundaries  of  the  region 
include  the  most  northern  parts  of  Africa,  and  part  of  the  Desert  of  Arabia.* 
We  may  trace,  through  the  whole  area  comprehended  within  theae  ex- 
iDiMtve  UmitSf  numerous  points  of  vokanio  eniption«t  hot  springs,  gaseow 
WMUMtiOBfly  and  olher  signs  of  igntoos  agency  ;  while  few  tracts,  of  any 
•ztant,  hsf  baen  aiHifdjr  eiempl  fiom  aatfthqaakaa  UmmglMiii  Iha  ImI 

JBarien^ikt  GoMtpton.— To  bagin  on  the  Aiiatie  aida,  wa  find  thai* 
OB  iIm  waalam  abavaa  of  the  Oaapiaft»  in  tha  ooanlrjr  lottnd  Baka*  thaio 
k  m  tract  eallad  iba  Flald  of  Fiio»  which  oontiniiaUy  onita  inflaainiabla 
gaa.  whila  apringa  of  BaphUia  and  pauoianm  oaeor  in  tha  aama  vieinitf  t 
aa  oho  mid  wdoanoa.  In  tha  aliaiA  of  Elhan,  to  tha  aoutli  of  thia  aea,  li 
o  lofty  aMMnitaint  wfaiob«  aeaoidtng  to  Moriert  ao»eltinaa  emila  aBMika» 
and  ot  tlia  Ksm  of  wfaiah  aio  aawaial  snail  ctalaia*  whate  sulphur  and 
saltpetre  are  pcDeared  in.  soffieient  abundanee  to  be  used 
Violent  subterranean  commotions  have  been  experienced  along  the  borders 
of  the  Caspian;  and,  according  to  EngeltiurLlt  aiul  I'arrot,  the  bottom  of 
that  sea  has,  in  moderii  luiies,  varied  in  lumi  ;  and  they  say  that,  near 
the  sonth-coast,  the  Isle  of  Idak,  north  from  Asirahal,  formerly  liigh  land, 
has  now  berorne  very  low.t  Any  indications  of  a  fluiTige  in  the  rel  aive 
levels  of  the  land  in  this  part  of  Asin,  are  of  m  n  u  ilutn  ordinary  interest; 
hccau^p  it  has  been  supposed  that  the  level  of  ihe  C;i3pian  is  much  lower 
than  that  of  the  Black  Sea,  although  much  doubt  has  recently  been  throwA 
on  the  observations  from  which  this  conclusion  was  deduced.^ 

SUfpu  of  the  Caspian — A  low  and  level  tract,  called  tha  Slappo» 
abomidiftg  in  sslina  piantSf  and  aonposed  of  tertiary  stioti  containing 
WMBj  aliaUa  of  spaeias  now  common  in  tha  adjoiniog  aaa«  akurta  lha 
north-western  shores  of  the  Caspian.  This  plain  olVen  tenninatas 
abroptlj  bjr  a  Una  of  inland  dilb*  at  tha  basa  of  vhiali  mas  a  kind  of 
baaah,  eenaiatiog  of  fngnania  of  limasloM  aad  aand,  oaaiantad  togadiar 
i»tooaaBgkiniaiataw  PaUaahaa  attdaamiied  tosboirthalthania  anoM 

•  Von  Hoff,  vol.  ii.  ]».  99. 

t  Travels  la  the  CriflMaaad  Canatsasyia  1815^ toL  L  pp. a64.^Voa  IM, 
▼ol.  i.  p.  137. 

I  8^c  Book  iv.  chap.  19, 

Vol.  i. — 2  iNi 
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line  of  wady  coontry^t  which  uidieatet  the  aneieiil  bed  of  a  elraic,  by 
which  the  Caspian  waa  once  united  to  the  eea  of  Azof.  On  aimiltf 
groondet  it  ia  inferred  that  the  salt  lalLC  Aral  waa  formerly  eonneeied  with 
the  Caspian. 

TVadiiion  of  dduga  on  ike  nkorts  of  th$  B^^harust  ^cj^THb  eon- 
Ttilsions  which  have  produced  the  phenomena  of  the  steppes  may  be  very 
moiieni  in  the  earth's  history,  and  yet  a  small  portion  of  them  only  may 
have  happened  in  the  last  twenty  or  thirty  centuries.  Remote  iradiiions 
have  coiiie  down  to  us  of  inundations,  in  which  the  waters  of  the  Eiixine 
were  forced  Uiroiigh  the  Thracian  BosphoruH.  and  through  the  Helles- 
pont, into  the  /Egean  ;  and  in  the  deluge  of  tSauiothrace,  it  appears  that 
that  small  island,  and  the  adjoining  coast  of  Asia,  were  inundated.  Ia 
the  Ogygian  also,  which  happened  at  a  different  time,  Boeotia  and  Attica 
were  overflowed.  Notwilhaiandiog  the  mixture  of  fable,  and  the  love  of 
the  marvelloos,  in  those  rude  ages,  and  the  subsequent  inventions  of 
Greek  poets  and  historians,  it  may  be  distinctly  perceived  that  the  floods 
allnded  to  were  local  and  transient,  and  that  Uiey  happened  in  succession 
near  the  borders  of  that  chain  of  inland  seas.  Ttiey  may,  perhaps,  have 
been  nothing  more  than  great  waves,  which,  about  fifteen  centuriea  before 
oor  era,  devastated  the  borders  of  the  Black  Sea,  the  Sea  of  Marmora, 
the  Archipelago,  and  neighbouring  coasts,  in  the  same  manner  as  the 
western  shores  of  Portugal,  Spain,  and  Northern  Africa  were  inundated, 
daring  the  great  earthquake  at  Liabon,  by  a  wave  which  rose  in  some 
plaeea,  to  the  height  of  fifty  or  sixty  feet;  or  as  happened  in  Peru,  in 
1746,  where  200  violent  shocks  followed  each  other  in  the  space  of  twenty- 
four  hours,  and  the  ocean  brolvu  with  impetuous  force  upon  the  land, 
destroying  the  town  of  Callao,  and  four  other  seaports,  and  pf  rnii- 
nenlly  converted  a  considerable  tract  ol  inhabited  country,  wliich  had 
perhaps  sunk  down  below  its  rorincr  level,  into  a  hay.  Diodonis  Siculus 
in  his  account  of  the  iSamothracian  deluge,  informs  us  that  the  inhabitants 
had  time  to  take  refuge  in  the  mountains,  and  save  themselves  by  flight ; 
he  also  relates  that,  long  after  the  event,  the  fishermen  of  the  island 
drew  up  in  their  nets  the  capitals  of  columns,  which,  he  says,  were  the 
remains  of  cities  submerged  by  that  terrible  catastrophe.*  These  stale* 
ments  scarcely  leave  any  doubt  that  the  event  conaiated  of  a  subeidenco 
of  the  coast,  accompanied  by  a  series  of  earthquakes,  and  aucceaaive 
inroads  of  the  sea. 

In  the  connliy  between  the  Caapian  and  the  Black  Seas,  and  in  the 
chain  of  Caucasus,  nnmerons  earthquakes  have,  in  modem  timea,  caased 
fissures  and  subsidences  of  the  soil,  especially  at  Tiflis.t  The  Caoeasian 
territories  abonnd  in  hot-springs  and  mineral  waters.   So  late  as  1814,  a 

*  Book  V.  chap.  46u  See  letter  of  M.  Virlet,  BaUetta  de  le  Bog.  QM.  de  Franoe, 

vol.  ii.  p.  341. 
t  Von  Hoff,  vol.  ii.  p.  210. 


* 


Digitized  by  Google 


C1I.IX0.  THE  CASriAK  TO  TH£  AZQ&EB,  280 


new  island  wais  raised  by  volcanic  explosions,  in  the  Sea  of  Azof ;  and 
Pallas  mentions  that,  in  the  same  loealiiy,  opposite  old  Temruk,  a  sub- 
maniic  enipiiou  look  place  in  1799,  accompanied  with  a  dreadlul  iliun- 
deriiig,  emission  of  fire  and  smoke,  and  the  throwing  up  of  iiiire  and 
stone?.  Violent  earthquakes  wern  felt  nt  the  same  time  at  great  distances 
from  Temruk.  The  country  around  Krzerum  exhibits  similar  phe- 
nomena, as  does  that  around  Tauris  and  the  Lake  of  Urmia,  in  which 
latter  we  have  already  remarked  the  rapid  formation  of  trafertia.  The 
lake  of  Urmia,  which  is  about  280  English  miles  in  circamfeience,  resem- 
blet  the  Dead  Sea,  in  having  no  outlet,  and  in  being  more  ealt  than  the 
oeean.  Between  the  Tigrie  and  Euphratee,  alaoi  there  are  nnmerom 
•prings  of  naphihe«  ind  frequent  eerthqoakes  agitate  the  country. 

Syria  and  Paleetine  abound  in  voleanie  appearances,  end  very  exteneive 
areas  hire  been  shaken,  at  different  periods,  with  great  destruction  of 
cities  and  loss  of  lives*  Continual  mention  is  made  in  hulory  of  the 
ravages  committed  by  earthquakes  in  Sidon,  .Tyre,  Berytus,  Laodioea, 
and  Antioeh,  and  in  the  island  of  Cyprus.  The  country  anrand  the 
Dead  Sea  appears  evidently,  from  the  aeeounts  of  modem  travellers,  to  be 
volcanic.  A  district  near  Smyrna,  in  Asia  Minor,  was  termed  by  the 
Greeks  Catacecaumene,  or  the  burnt,  where  liiere  lis  a  large  urid  territory, 
Hiiliout  trees,  and  w  iili  a  ciudery  soil.* 

Periodical  alternation  of  Earthquakes  in  Sifrin  and  Soulher)i  ilaly. — 
It  hns  hern  remarked  by  Von  HofT,  that  from  tlie  commencement  of 
the  thirleentii  to  the  latter  half  of  tlie  seventeenth  century,  there  was 
an  almost  entire  cessation  of  earthquakes  in  Syria  and  Judea ;  and, 
daring  this  intenral  of  quiescence,  the  Archipelago,  together  with  part  of 
the  adjacent  coast  of  Lesser  Asia,  as  also  Southern  Italy  and  Sicily,  suf- 
fered greatly  from  earthquakes  ;  while  volcanic  eruptions  were  unusually 
frequent  in  the  same  regions.  A.  more  extended  comparison,  also,  of  the 
history  of  the  subterranean  convulsions  of  these  tracts  seems  to  confirm 
the  opinion,  that  a  violent  crisis  of  commotion  never  visits  both  at  the 
ssme  time.  It  is  impossible  for  us  to  declare,  as  yet,  whether  this  phe- 
nomenon is  constant  in  this  and  other  regions,  because  we  can  rarely 
trM  back  a  connected  series  of  events  farther  than  a  few  centuries ;  but 
it  is  well  known  that,  where  numerous  vents  are  cluslered  together  within 
a  small  area,  as  in  many  archipelagos  for  instance,  two  of  them  are  never 
in  violent  eruption  al  once.  If  the  action  of  one  becomes  very  great  for 
a  ceiilury  or  more,  the  others  assume  the  appearance  of  spent  volcanos. 
It  is,  llierefore,  not  improbable,  thai  aeparaie  provinces  of  the  same  great 
rane^e  of  volcanic  fires  may  hold  a  relation  to  one  deep-seated  focus 
analogous  to  that  which  the  apertures  of  a  small  group  bear  to  some  more 
aoper&cial  rent  or  cavity.   Thus,  for  example,  we  may  coojeciure  that, 

•  8trabo,Ed.Fal.,p.900. 
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at  a  compArattvely  smtU  dMlM»  from  ih&  MirbM,  Miii  aad  Ytmmm 

mutually  communicate  with  certain  fissures,  and  that  each  affords  relief 
alternately  to  elasiit*  fluids  and  lava  there  generated.  So  we  may  suppose 
Southern  Italy  and  Syria  to  be  connected,  ai  a  much  greater  depth,  with 
a  lower  part  of  the  very  same  system  of  fissures ;  in  which  case  aoy 
obstruction  occurrinc  in  one  duct  may  have  the  elTcct  of  causing  almost 
all  the  vapour  and  melud  matter  to  be  forced  up  the  other,  and  if  tbfiy 
cannot  get  vent,  they  may  be  the  cause  of  violent  earthquakes. 

Grecian  ^Archipelago. — Proceeding  westwards,  we  reach  the  Greeiao 
Aiebipelngo,  where  Santorin,  afterwards  to  be  described,  is  the  pud 
eentre  of  volcanic  action.  To  the  north-west  of  SaDtorin  is  taoilMr  «al* 
eano  in  the  iakiid  of  MUo»  of  reoett  aspect,  havia^  a  my  aetiTe  aolfn^nra 
in  ila  centfal  mier,  and  nuaiij  aonioea  of  boflinf  water  and  aleaai.  Coo- 
tiotting  tha  aamo  line,  we  arrlTe  at  that  part  of  liie  MoMt  wbm  w% 
leanif  from  ancieiit  writeia,  that  Haliaa  and  Bora  were*  in  the  jvar  tn 
B.C.«  ivbflMrgad  faenaath-  tin  aaa  b j  an  earlbqaakei  and  the  waUs, 
amofding  to  Ovi<f,  were  to  be  aeeo  benealli  the  wateia.  Near  the  ean» 
spot,  in  oor  ttmaa  (1817),  Yoatina  wan  laid  in  rnina'  by  a  anbtonanean 
eonvQlBion«*  k\  Methone,  also  (now  Ifodon)*  in  Maaaenla»  aboot  three 
aantnriea  before  oor  ers,  an  eraption  threw  op  a  great  voleanie  nio««laiB« 
which  ia  repieienled  by  Strabo  as  being  neariy  4000  feet  in  lieight ;  bat 
the  magnitude  of  the  hill  leqniraa  eonfirraatioB.  Some  suppose  that  the 
accounts  of  the  formatioii  of  a  hill  near  IWzene,  of  wluch  the  date  if 
unknown,  niiiy  refer  to  the  same  event. 

It  was  Voii  Bucli's  opinion  that  tlie^volcauus  of  Greece  were  arranged  ins 
line  running  N.  N.  W.  and  S.  S.  E.,  as  represented  in  the  Map,  P|.  III., 
facing  p.  295 ;  and  that  they  atiorded  the  only  example  in  Eur-'jiu  of  lu  uve 
volcano^  havin?  ^  linear  direction.!  But  ob^er\ritn)ns  made  duriui:  ihe  laie 
French  e.xiudiiion  to  the  Morea  have  by  wo  rnt  aas  contirmed  this  view. 
On  the  contrary,  M.  Virlet  announces  as  the  result  of  his  investigations, 
that  there  is  no  one  determinate  line  of  direction  for  the  volcanio  phene 
ID  en  a  in  Greece,  whether  we  follow  the  points  of  entptiono,  or  the  aitth* 
quakes,  or  any  other  signs  of  igneous  agency. 

Macedonia,  Thrace,  and  EphroSt  have  alwajra  been  subject  to  earl^ 
qnalteay  and  the  Ionian  Isles  are  oontimially  oonvnised.  Kespecihig 
Sonthem  Italy,  Sicily,  and  the  Lipaii  Isles,  it  is  nnneoessary  to  oolaiga 
here,  as  the  ezistenoo  of  Tolcanos  in  that  region  is  knows  to  all,  and  I 
shall  have  occasion  again  to  allnde  to  them.  I  may  mantioB,  however, 
that  Dr.  Danbeoy  has  traced  a  band  of  vdcanie  nefion  across  the  Itriisn 
Penhisola,  firom  Ischia  to  Mount  Vnltnr,  in  Apnlia,  the  commencement 
of  the  line  being  fonnd  in  the  hot  springa  of  Ischia,  alter  which  it  it 
prolonged  through  Vasnvlna  to  the  Lago  d^Ansanto,  where  gases  similar 

*  Von  Hoff,  vol.  )i.  p.  173.  }  Se«  Plate  of  Volcaiuc  UaatU,  tactag  p. 
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to  tlMM  of  VwuviM  m  •roWed.   lu  further  exteatioi  strikes  MoqdI 
¥«linrt  slody  tone  composed  of  tuff  and  lava,  from  cm  fkla  of  w^mIi 
flubonic  Mid  and  •nlpbuNllid  hydrogan  an  Mulled.* 
TiM  aarllMM&  portini  of  AfnMt  Midi^  Bgypt,  wliidi  Um  fix 
dagwei  Molb  of  th*  folMoie  Iim  tlmdy  liaead*  1mm  bM 
alM«l  alwaya  aiaaipl  iiov  aard^nakea:  bqt tht aoflb-vaaleiB  parlMNi« 
eapaeially  Ftm  wad  Mocooaoi  wJueb  M  wiihia  iba  Um,  ao&r  greatly 
ftm  tea  la  tea.  Tha  aaatiiafa  pait  af  Spain  alto,  aad  Paflagal,  hm 
gaaaraily  baaa  axpoaad  to  tba  aama  aoonise  auaultaBaaiialy  with  Northern 
AInea.  The  pro? ineaa  of  Ifabgav  Harcia,  and  Granada,  and  In  Portugal, 
the  country  round  Lisbon,  are  recorded  at  several  periods  to  Imve  been 
devasMLcd  by  <;rL'at  earthquakes.    It  will  be  seen,  from  Michell's  account 
of  ilie  great  Lisbon  shuck  ni  17u5,  thui  ihe  first  moveineiil  proet'ccled 
from  the  bed  of  ihe  ucean  ten  or  fifteen  leases  from  the  coast.    So  lalt) 
as  February  2,  1816,  when  Lisbon  was  \ c  huiuenily  shaken,  two  s)iips 
fell  a  shock  ia  ihe  ocean  wesi  iroiii  Lisbon  ;  one  of  them  at  the  distance 
of  1*20,  ami  ihe  uilier  'ZH'Z  French  h  ai^ucs  from  the  coast,t — a  fact  which 
is  thtj  iiiore  interesting,  because  a  line  (iiawn  throuiih  ihe  Grecian  archi- 
pelago, the  volcanic  region  of  Southern  Italy,  Sicily,  Southern  Spain, 
and  PoftogaL  wiU,  if  prolonged  westward  through  Ihe  ocean,  strike  lha 
vekaoie  gnmp  of  the  Azores,  which  haa^  iharafore,  in  all  probability,  a 
submarine  connexion  with  lha  Emopeaa  line.    How  far  the  island  of 
Madaiia,  which  has  beea  anbject  to  violant  aarthquahaa,  and  lha  Canacy 
J^mAm.  In  whiflk  valoania  anolioaa  havo  baaa  fiaananL  mar  iriwaamaiffata 
IWBih  lha  walaia  with  tha  aana  giaal  lagfam*  moat  for  Iho  present  ha 
nara  iiallac  of  ootyaatofo* 

Baaidaa  Iho  oonlinnow  apaeaa  of  aabtananoan  diiinihaoear  of  whkh 
wo  have  merely  aketchad  tha  oalliae,  there  are  other  diseooneeted  voloanio 
groups,  of  whiah  Ihe  geographioal  ozlmt  b  aa  yot  voiy  inparlaoily 
kaown.  Among  theaa  nay  ba  manlianad  laaland,  whiah  balongs, 
perhaps,  to  the  same  region  aa  Iho  volcano  in  Jan  Mayen*a  lalandt 
situated  5**  to  the  north-east.  With  these,  also,  part  of  the  nearest  coast 
of  Greenland,  which  is  sometimes  shaken  by  earth(^uakc«,  may  be 
cDiTiiccted. 

iji  anoilier  hemisphere  the  i&iand  of  Bi)urhon  belongs  to  the  theatre 
of  vulcanic  acUuu,  oi  which  Madagascar  piobahly  h)iins  a  part,  if  the 
alleged  existence  of  burning  volcanos  in  that  island  shall,  on  further 
examination,  be  substantiated.  In  following  round  the  borders  oi  Uie 
Indian  Ocean,  to  the  north,  we  find  the  volcano  of  Gabel  Tor,  within  the 
entrance  of  the  Arabian  Gulf.  In  the  province  of  Culch  earthquakes  are 
fipsquanlt  and  at  Mhnrr^  tweaty-&ve  mile*  iron  X«ufikpal»  thara  is  an 

*  Daabsay  eo  Meaat  Valmr»  Ashmalsan  Meaieiii.  Oxft(d,t836. 

t  Tmaar,  Jeamal  das  VoyafBs^  voL  W.  p.  111.  Tob  Heff,  fd.  il.  p.  m. 
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aelif»  foleaiiot  or  tt  Imt  a  Mllataia**  In  Mdm,  m  tho  in  Chittipmg, 
In  Bengal,  ibm  Infe  been  violettt  eirthqnekee  witlUit  the  hiHetiBal 
period. 

FbteanU  regUm  ^  Southern  JSSurope.^'Bmptdang  the  voleenie  eye- 

tem  of  Southern  Europe,  it  may  be  observed,  that  there  is  a  central  met 
where  the  grealesi  earthquakes  pro \  ail,  lu  which  rocks  are  shattered, 
inouiilains  rent,  the  surface  elevated  or  ilepressed,  and  cities  laid  in  ruins. 
On  eacli  side  of  this  line  of  g^rcateut  cuiiunolion  there  are  parallel  bands 
of  country,  wliere  the  sluu  Ics  ;ire  less  violent.  At  a  still  greater  dtfitance 
(as  in  Nonliern  Italy,  for  exampit,  rxu  ndinfr  to  the  foot  of  the  Alpe), 
there  are  spaces  where  the  shocks  are  much  rare  r  and  more  ieeble,  yet 
possibly  of  sufficient  force  to  cause,  by  continued  repetition,  some  appre- 
ciable alteimtion  in  the  external  form  of  the  earth's  crust.  Beyond  these 
limits,  egeiot  all  eonnlriee  m  liable  to  sliglii  Ivemors  at  dietant  intervals 
of  time,  when  some  great  crisis  of  snblenaneen  movement  agilMee  an 
adjoining  Yoleanic  region  ;  but  these  may  be  oonsidered  an  mere  vibra- 
tionot  propagated  mechanically  through  the  eitemal  covering  of  the  globe, 
■0  sounds  travel  almost  to  indefinite  distances  through  the  air.  Sboefcs 
of  tbb  kind  have  been  felt  in  Engbndt  Scotland,  Northern  F^rnDee»  vd 
Germany— pafiieulariy  during  the  Liabon  eanhqnake*  Bat  ihene  conn- 
tries  cannot,  on  this  aceonnt,  be  snpposed  to  eonetitnie  parts  of  the  eootb- 
om  Tokanle  region,  any  moie  than  the  Shetland  and  Qfkney  leleiidi  can 
be  consideied  as  belonging  to  the  Icelandic  elrde,  beeaoae  the  eandi 
ejected  from  HeeU  have  been  wafted  thither  by  the  winds. 

Linei  pftttH»e  mid  txUnet  Voleami  not  to  bo  eonfowML^'W^  amc 
also  be  careful  to  distinguish  between  lines  of  extinct  and  active  volcanos, 
even  where  they  appear  t  o  nm  in  the  feame  direction;  for  ancieni  ] 
uiodern  sysiciui  uiay  cross  and  interfere  wiUi  each  oihrr.  Aiicady,  in- 
deed, we  have  proof  that  this  is  the  case ;  so  that  it  is  nui  by  geographi- 
cal posiiiun,  bui  by  reference  to  the  species  of  organic  beings  alone, 
whether  aquatic  or  terrestrial,  whnM/  rum  iiiis  occur  \n  ht'd^  itiiersiralilied 
with  lavas,  that  we  can  clearly  disiinguibh  ihu  relaiive  age  of  volcanos  of 
which  no  eruptions  are  recorded.  Had  kSouihern  Ttnly  been  known  to 
civilized  nations  for  as  short  a  period  as  America,  we  should  liave  had  no 
record  of  eruptions  in  Ischia;  yet  we  might  have  assured  ourselves  that 
the  lavas  of  that  isle  had  flowed  since  tlie  Mediterranean  was  inhabited 
by  the  species  of  testacea  now  living  in  the  Neapolitan  ■ees.t  With  this 
assurance  it  would  not  have  been  rash  to  include  the  nnmofooe  voniB  of 
that  island  in  the  modern  vokanio  group  of  Campania. 

On  similar  grounds  we  may  infer,  withoot  mnoh  hesltatioo,  that  the 
omptiona  of  Etna  and  the  modem  eardiquakee  of  Galabriav  are  a  oontbna- 
tion  of  that  action,  which,  at  a  somewhat  earlier  period,  produced  the 

*  On  thp  authority  of  Capt.  A.  Burnes. 
t  See  ftccouot  of  UciuAi  book  iv.  chap.  10. 
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•obmuiiie  IwnB  of  the  Val  di  Noto  in  Sicily.*  Bat  the  lifw  of  the  En* 
fuwan  hill*  and  tho  Vicentiot  alUiOQgfa  not  wholly  beyond  the  range  of 
etrthqaakes  in  Northern  Italy,  muet  not  be  confounded  with  any  existing 

volcanic  system ;  for  when  ihey  flowed,  the  seas  were  inhabited  by  ani- 

liials  almost  all  of  lliotii  disuian  from  those  now  known  to  live,  whether 
io  the  Medit^rmnean  or  oihc  r  p  ins  of  the  globe.  But  an  examination  of 
these  topics  would  carry  us  to  events  anterior  to  the  tunes  of  history  f  we 
must  therefore  defer  their  consideration  to  the  4 ih  Book. 


CHAPTER  X. 

VOLCANIC  DISTRICT  OF  NAPLES. 

History  of  the  volcanic  ernpUona  in  the  district  round  Naples — Early  conralsions  in 
tlw  island  of  Isohia— Namerona  eoaea  thrown  ap  theie— Epomao  not  an  habitaal 
voleaao^Lake  Avenua— The  SoUatarm^Renewal  of  the  eroptions  of  VesaTiaa, 

A.  a.  79 — Pliny's  description  of  the  phenomena  (p.  306.)— Remarks  on  his  nlenee 
tespecting  the  destruction  of  Hcrculanenm  and  Pompeii — Subsequent  histoiy  of 
VesuTiUB — Lava  discharrr^'d  in  Ischia  in  1302 — I'ausp  in  the  f'r\!p?ions  of  Vesuvius 
— Monte  Nuovo  thrown  up  (p.  309  ) — Uniformity  of  ihc  vnli  jnic  operations  of  Ve- 
suvius and  the  Phlegrean  Fields  io  ancient  and  niodern  times. 

I  5HALL  next  ffive  a  sketch  of  the  history  of  some  of  the  volcanic  vents 
di.**persed  ihroughout  the  great  regions  before  described,  and  consider  tlie 
composition  and  arrangement  of  their  lavas  and  ejected  matter.  The 
only  volcanic  region  known  to  the  ancients  was  that  of  which  the  Medi- 
terranean forms  a  part ;  and  even  of  this  they  have  transmitted  to  us  very 
imperfect  records  relating  to  the  eruptions  of  the  three  principal  districts, 
namely,  that  round  Naples,  thai  of  Sicily  and  its  isles,  and  that  of  the 
Grecian  Archipelago.  By  far  the  most  connected  series  of  records  ihroagh- 
out  a  long  period  relates  to  the  firat  of  these  provinces ;  and  these  cannot 
bo  too  attentively  consideredi  as  much  historical  information  is  indispen- 
•able  in  order  to  enable  ns  to  obtain  a  clear  view  of  the  connexion  and 
alternate  mode  of  action  of  the  diflerent  vents  In  a  single  volcanic  group. 

Eariif  eanwilnans  in  the  Ithmd  of  /icAta.— The  Neapolitan  volcanos 
extend  from  Vesuviusi  through  the  Phlegrean  Fteldst  to  Procida  and 
IscJiia,  in  a  somewhat  linear  arrangement,  ranging  from  the  north-east  to  the 

*  Book  iv.  oh.  6. 
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MDlb-waiti  w  wffi  iMtM  late  ttuimd  Ifip  ef  th*  V(Oio^ 

Naples  (PUrii  IF.).  WilUn  the  tptm  ibof»  Imfled,  die  fofeuie  Ibiw  k 

■ooMtiniee  devolopei  la  liagl*  •niptifNit  Crmi  m  euMklirihto  awabet 

irregularly  ioaUewd  points ;  bm  a  great  part  of  iti  aetioii  haf  httm  m- 
jined  to  one  principal  and  habitaal  vent,  Vosnvitis  or  Somma.    Before  the 

Christian  era,  from  the  remotest  periods  of  winch  we  have  any  traJition, 
this  print  ip:il  vent  wns  in  a  state  of  inactivity.  But  terrific  convulsions 
then  took  place  from  time  to  time  in  Ischia  (Pithemisa),  and  seem  to  have 
extended  to  tlie  neinlibounng  isle  of  Procida  (Prochyla  ;  lor  JSirabo* 
liieulinus  a  story  of  I'locida  having  been  torn  asunder  from  lachia;  and 
Plinyt  derives  its  name  irom  ita  having  beeu  potired  forth  by  an  erup> 
tion  from  Ischia. 

The  present  cirooDiference  of  Ischia  along  the  water's  edge  is  eighteen 
antoc,  its  length  from  west  to  east  about  five,  and  its  breadth  from  north 
la  son  til  three  aules.  Sevenl  Greek  ooloniee  which  eettled  there  before 
the  Christian  en  weft  eompelled  to  nbandoa  it  ia  consequence  of  the 
violence  of  the  eraptions.  First  the  ErythrsMtaa,  and  aAerwarde  the 
Chaleidiaait  are  meatioaed  ee  hafuif  beea  driven  oat  by  eerthqoakee  ad 
igaeoue  ezheUtioae.  A  colony  wte  aAerwaidc  eitiUiihed  by  Himit 
hinf  of6ytacaee,  ebeat  Ml  yaen  before  the  Chrietian  era;  bal  vhaa  Aay 
bid  bail!  a  toilieea,  they  were  oompelled  by  la  irmptioa  to  iy»  aad  aatar 
again  retaraed.  Strabo  telle  na  that  Tlmmia  recorded  a  tradition*  ihiti 
little  before  hia  time,  Epomeus,  the  principal  mooataia  ia  the  oaalre  af 
fStf  iaiaadt  voauted  firo  dnrmg  great  earthqaakee;  that  the  land  betvaai 
it  and  the  coast  had  ejected  much  fiery  matter,  which  flowed  into  the  sea, 
and  that  the  sea  receded  for  the  distance  of  three  stadia,  and  then  remriv 
ing,  overflowed  llie  isjland.  This  cm j) tion  is  suppo.-ed  by  some  to  have 
been  that  which  formed  the  crater  of  Monte  Carvo  on  one  of  ihe  higher 
flanks  of  Epomeo,  above  Foria,  the  lava-current  of  whicii  may  still  be 
traced,  by  ihe  aid  of  the  scoriae  on  its  gurfare,  from  the  crater  to  liie  sea. 

To  one  of  ilic  siili^cijiient  eruptions  in  the  Inu  i  r  parts  of  the  isle,  which 
caused  the  expulsion  of  the  first  Greek  colony,  Monte  Kotaro  has  been 
attributed,  and  it  bears  every  mark  of  recent  origin.  The  cone  is  remark- 
ably perfect,  and  has  a  crater  on  ita  aomailt  precisely  resembliag  that  of 
Monte  Noovo;  bat  the  hill  ialaiger,  and  rcseqiblea  some  of  the  laore  con> 
atderable  coaea  of  eingle  eraption  aear  Clermoat  in  Anvergne,  and,  likt 
•oiae  of  then,  it  has  givea  veat  to  a  lafa«etreaai  at  ita  baae,  iaetead  of  ia 
anmoiit  A  BmaQ  ravine  ewept  oat  by  a  torrent  ezpoeea  the  atrodaie  of 
the  cone,  which  la  composed  of  iaaoaierable  iaeliaed  and  alightfy  oadda^ 
lag  layeie  of  pnntoe,  acorlie«  white  lapiUi,  and  enonaooa  angular  blocks 
of  trachyte*  Tfaeee  laat  have  evideally  beea  tfirowa  ontby  violintefr 
ploalone»  like  those  which  ia  1888  laancfaed  from  Veen  viae  a  mm  ef 

*Llb.v.  f  NaLHisL,]tb.iile.6. 
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augitic  lava,  of  many  tons  wcis^fit,  lo  the  distance  of  three  miles,  which 
fell  in  the  garden  of  Prince  Uiidjiuio.  The  cone  of  Rotaro  is  covered 
with  tlie  arbutus,  and  oilier  beamilul  evergreens.  Such  is  the  streni^th  of 
the  virtjin  soil,  that  tfie  shrubs  have  become  almost  arborescent;  aoti  the 
growth  of  some  of  the  smaller  wild  plants  h;is  Ik-cu  vigorous  that 
botanists  have  scarcely  been  able  to  recognise  tiie  species. 

The  eruption  whicli  dislodged  the  8yracusau  colony  is  supposed  to 
have  given  riM  to  that  mighty  current  which  forms  Ihe  promontory  of 
Zu9  and  Caniao.  The  surface  of  tlics*  ktas  is  still  terj  arid  and  bcisU 
ling,  and  is  eo? wad  with  blaek  aeofw ;  to  thai  it  ia  BOt  witbonl  great 
laboor  that  hnoMui  iadmntf  haa  ledflMnad  aoaia  aniall  apola,  and  eon- 
wtad  them  into  viMjarda.  Upon  the  piodaca  of  tbaao  vinajFtrda  the 
popobiioii  of  tha  iaiand  ia  almaat  aatifely  avppoflad.  It  amoonla  at  pva> 
Ml  to  ahoot  S6»900f  and  ia  on  the  inereaaa. 

Ftom  iha  date  of  the  graat  erapUoii  laat  aUnded  to*  down  to  oar  own 
tiflM»  laefaia  haa  aiQi^ad  tianqnlUityt  with  the  aseeptkm  of  one  emiaaion 
of  lava  hereaAar  to  be  daaeiibed*  wfaieh,  althoagh  it  ooeaaiooed  mneh  local 
damage,  doea  not  appear  to  have  devaalaled  the  whole  eoaotry,  in  the 
manner  of  more  ancient  explosiona.  There  are,  upon  the  whole,  on  dif- 
(erenl  parts  of  Epomeo,  or  scattered  throui^h  the  lower  tracts  of  Iscliia, 
twelve  considerable  volcanic  cones,  which  luive  been  thiuwn  up  since  the 
Island  was  raised  above  ilie  surface  of  the  deep;  and  many  streams  of 
lava  may  have  flowed,  like  that  of  '  Arso'  in  1302,  without  cones  having 
been  prmluced ;  so  that  this  island  may,  for  ages  before  the  penoJ  of  the 
remotest  traditions,  have  served  as  a  sarety-valvc  to  iho  whole  Terra  di 
I«avoro,  while  the  tires  of  Vesuvius  were  dormant.* 

Lake  JJvernus. — It  seems  also  clear,  that  Avenioa«  a  eircsiar  lake  near 
Poazuoli,  aboat  half  a  mile  in  diameleit  which  ia  now  a  aalnbrious  and 
cbearfol  apot,  onoe  exhaled  mephitic  vapovn*  auch  as  are  often  emitled 
hy  enters  after  eruptions.  There  is  no  reeaon  for  discrediting  the  ao» 
eonnt  of  Lnofeiiaa«  that  hirda  conld  not  fly  over  it  without  being  atiflad, 
allhoiigh  they  may  now  fraqoant  it  ani]i|nffed.t  There  moat  have  been  m 
lime  when  ihia  eraier  waa  in  aeiaon;  and  for  many  centnriea  afterwania  it 
may  have  deserved  the  appellation  of  **atri  janua  Ditia,'*  emitting,  perhapat 
gmea  aa  dealmeiiva  of  animal  life  aa  thoee  aoflbeating  vapours  given  out 
hf  Lake  OnihNoe«  in  Qnito*  in  1707>  by  whieh  whole  herda  of  cattle  on 
ita  ahoiee  were  kiUcd4  or  aa  tlioae  ddetetions  emanationa  whieh  annihi* 
Uted  all  the  cattle  in  the  island  of  Lancerote,  one  of  the  Canaries,  in 
1730.§    Bory  Su  ViucciU  uica  Lions,  that  in  tlie  same  isle  birds  fell  Ufe- 

*  For  an  aeettoat  of  the  geology  of  Isclua,  see  Badk  Iv.  eh*  10. 

i  De  Rerum  Nat,  vi.  740.-«Porbet,  on  Bay  of  NapleSi  Edia.  Jomn.  of  ScL*  Na. 

new  series,  p.  87.  Jan.  1830. 
t  Homboldt,  Voy.,  p.  317. 

I  Von  Buch,  Uber  eiasa  vukaaischea  Aasfarnoh  aof  der  laael  Laamala, 
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less  to  the  ground  ;  and  Sir  William  Hcmillen  informs  us  UiaI  be  pkktd 

np  dead  birds  on  Vesuvius  during  an  eruption. 

Solfatara. — The  Solfalara,  near  Puzzuoli,  wliich  may  be  cousidered  as 
a  nenrly  exlinj^uiblied  crater,  appears,  by  ilic  actimnls  of  Slrabo  and 
oUu  r«,  to  have  been  before  the  Christian  era  in  very  mvich  the  ime 
state  as  nt  present,  piv  iiiL'  ^'ent  continually  to  aqueous  vapour,  together 
with  sulphureous  and  murisuc  acid  gases,  like  thoss  evolved  by  Vesu* 
iriuf. 

^SndmU  kUttiry  of  Fetuinus.— Such,  then,  were  the  points  where  the 
Mbterranean  firet  obtimcd  vent,  from  the  oarliest  period  to  which  tnuU* 
'  tioB  raachaa  baek,  down  to  the  first  century  of  the  Christian  era;  but  mm 
than  atrrive  al  a  criaia  in  llw  volcanic  action  of  tkia  distriel^-ona  mt  tha 
mMt  intaraating  eTenla  wimaaaed  bj  man  daring  the  brief  period  tbroogh- 
out  which  he  haa  observed  the  phyaical  changea  on  the  eardi'a  aerfac«. 
From  the  firat  eolonisataon  of  Southern  Italy  by  the  Oieekat  Vaanviua 
aflforded  no  ether  indieaiiona  of  its  volcanie  character  than  aodi  as  the 
natnraliat  might  ia^sr,  from  the  analogy  of  ita  atmelnre  to  other  veleanoe. 
These  were  Teeognlaed  by  Strabo,  bat  Pliny  did  not  include  the  moun- 
tain in  his  list  of  active  vents.  The  ancient  cone  was  of  a  very  regtilar 
form,  terminating,  not  as  at  present,  in  two  peaks,  but  with  a  flallii^b 
summit,  where  the  remains  of  an  ancient  crater,  nearly  tilled  up,  had  left 
a  slififht  deprt  ssion,  covered  in  its  interior  by  wild  v  ines,  and  a 
slerile  plain  ai  t!ie  liotiom.  On  the  exterior,  the  llanks  ol  the  niouiitains 
were  clothed  with  fertile  fields  richly  cultivated,  and  at  its  base  were  the 
populotis  cities  of  lierculaneum  and  Pompeii.  But  the  scene  of  repose 
was  at  length  doomed  to  ceaaot  and  the  volcanic  fire  was  recalled  to  the 
main  channel,  which,  at  some  former  unknown  period,  had  given  paea- 
age  to  repeated  atreama  of  oMlted  lava,  aand,  and  aoorie. 

BmewtA  qf  Um  ^ruptioru. — ^The  firat  aymptom  of  the  revival  of  the 
energiaa  of  thia  volcano  waa  the  occnrrenee  of  an  earth<tuahe  in  the  year 
08  after  Chrtat,  which  did  conaiderable  injury  to  the  eitiea  in  Ha  vidnitj. 
From  that  time  to  the  year  70  alight  abocka  were  freqoenti  and  hi  the 
month  ef  Angnat  of  that  year  they  became  more  nomerone  and  violent* 
till  they  ended  at  length  in  an  empUon.  The  elder  Pliny,  who  com* 
roanded  the  Roman  Baet,  waa  then  atationed  at  Misennm ;  and  in  his 
anxiety  to  obtain  a  near  view  of  the  phenomena,  he  lost  his  life,  being 
suflTocat/^d  by  sulphurcmis  vapours.  His  nephew,  the  }oan§rer  Pliny,  re- 
mained at  Misenum,  ami  !uis  given  us,  in  his  Letters,  a  lively  description 
of  the  awful  scene.  A  dense  column  of  vapour  was  lirtil  seen  rising  ver- 
tically from  Vesuvius,  and  then  spreading  itself  out  laterally,  so  that  its 
upper  jioriion  lesembled  the  head,  and  its  lower  the  trunk  of  the  pine 
which  characterizes  tlie  Italian  landscape.  This  black  cloud  was  pierced 
occaaionally  by  flashes  of  fire  aa  vivid  as  lightning,  aucceeded  by  dark- 
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wm§  mmm  pwfcond  Ikm  ajghu  A«h0»  lUl  •vbq  upon  Um  tlupi  •!  H ifo* 
am*  sad  M«fcd  »  ilioil  i«  ooi  put  «f  tkm  lit  tin  gimud  lodwk  md 
Ik0  a0»  raetM  linoti  tlw  wktoxm^  to  tint  nwny  mmm  muomIi  wm  Man 
•B  tlie  dry  nad*  'FIm  spptatinaM  above  daacribad  agite  ptffacily  with 
liMiao  witneiaed  i«  more  reeant  eruptions,  especially  those  of  Mouie 
Naovo  in  1538,  and  of  Vesuvius  in  1822. 

Silence  of  Pliny  respecting  the  destruction  of  Ilerculaneum  and  Pom' 
peii. — In  ail  limes  ami  couniries,  indceil,  there  is  a  sUikiiig  uuilormily  in 
the  volcanic  phenomena;  but  it  is  mosi  singular  thai  Pliny,  although 
pivin^  a  circumstantial  tieiail  of  many  physical  facis»  and  describing 
the  oriipiion,  C':^rthqnnke,  ntui  s[i()\\'('r  of  ;i«h(e«  which  fell  nt  Stabise,  makes 
lii>  iillusioti  U)  ilie  siuKK-ii  (jverwht'liiiiiii;  oi  two  large  and  populous  cities, 
Hercuianeum  and  l^ompeii.  All  Datiiralists  who  have  searched  into  the 
memoriala  of  the  past  for  records  of  physical  events,  must  have  been  sur- 
foaad  at  the  indifference  with  which  the  most  memorabia  ocannaoaaa  aia 
of\en  paaaed  by,  ia  the  woriu  oi  writers  of  enlightened  periods ;  as  alM 
of  lha  extraordiaarj  aBaggeratioii  whiah  naoaUj  diaplajra  itaalf  in  tlia  tra- 
Admafainilararmita  in  ignorant  aad  iiipandiioiia  ag^  But  do  omit* 
9mm  ia  matm  ranaikabla  tbaa  that  mom  ondav  copaidaiatloa ;  nor  haa  thn 
aimimiii— ai  wa  thinkt  baan  al  aU  axplainad  by  iba  angfaalMW  thai  lha 
abkf  ol^aal  oT  dw  7«ufir  Pliay  waa  to  §kw%  'faettna  a  fall  aoaoaat  of  Uio 
pmianlaia  of  hia  aaola'a  daaib.  Wa  bafo no  baaitatlon  in  aayiog,  tbaibad 
dtt  bofladaiiiaa  natar  baan  diaaovaiadt  tba  aeaoonta  liaoimillad  to  aa  of 
ibabr  ttagkai  and  vonld  bava  baan  diaaiadilad  by  tba  majority,  ao  Yagna 
ind  general  are  dia  natratifas,  or  ao  long  anbaaqiMnt  to  tba  avant.  Tt- 
eitut,  the  friend  and  contemporary  of  Pliny,  when  adTarting  in  general 
terms  lo  Uie  convuisious,  says  merely  that  **  cities  were  consumed  or 
buried."* 

BuetoiuuH,  although  he  alludes  to  the  eruption  incidentally,  is  sileul  us 
til  ilic  CUR'S.  Thev  are  mentioned  by  Martial,  in  an  epigram,  as  immers- 
td  in  cinders;  but  tiie  rirst  historian  who  alliidt  a  to  tlieai  by  name  is  Don 
CaasiuStt  who  flourished  aboul  a  century  arni  a  half  after  Pliny.  He 
appears  to  have  dahved  his  information  from  the  traditions  of  the  inhabi- 
tants, and  to  hava  faoorded,  without  discrimination,  all  tlie  facts  and  fables 
wbieb  bo  cwdd  aallaat^  Ua  tails  na,  that  duriog  the  eruption  a  multi* 
tada  of  «an  of  aoparbnaiaa  alatara»  raaambling  giants,  appeared,  aoma- 
dttaa  on  tba  monntain,  and  loOMtlaies  in  the  environs — that  stonaa  and 
aaoba  ware  tbrown  ant,  tfaa  aon  waa  btddau,  and  then  the  giants  ■aemad 
ia  ma  again,  while  tba  aonnda  of  Iranpeta  wain  beard,  dMs.  iie*  s  and 
iaeHy,**  be  lalataa,  two  entlia  diiaa,  Haiaalanauai  and  Pompeii,  were 
bariad  nnder  ahowem  of  adiaa,  wbila  lU  iba  people  weia  aitting  in  tba 
Ibaatie.**  Tbal  many  of  diaaa  eiranmitaDoaa  ware  intantad  woold  bafa 
bean  obvious,  even  widioot  the  aid  of  Pliny'a  kMtaiai  and  tba  .amiina* 

*  Baaala  aai  obcat*  aifass.— HisL,  nb.  i.  t  BlA  Bam^  1ft.  latL 
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tion  of  Hefcnlaneum  tnd  Pompeii  emiblm  at  to  proYO*  ditt  bom  of  dw 

people  were  destroyed  in  tho  tiit«tret«  tnd,  indeed,  that  thero  were  very 
few  of  the  inhabitants  who  did  not  escape  from  both  cities.  Yet  some 
lives  were  lost,  and  there  wa^  ample  founUalioa  for  llie  tale  in  ii&  musi 
esseiuial  pnrticiilars. 

This  case  may  often  servo  as  a  caution  to  the  geologist,  who  lias  fre- 
quent ocn^ioii  to  weigh,  in  lil\e  iiKirmer,  negative  evidence  derived  from 
the  silence  ol  eminent  writers,  agauitt  tin;  (il)scure  but  positive  tes^timony 
of  popular  tnidilions.  8onie  authors,  lor  example,  would  have  us  call  in 
question  the  reality  of  the  Ogygiau  deluge,  because  Homer  and  Uesiod 
say  nothing  of  it.  But  they  were  poets,  not  histonanst  and  they  lived 
mtSny  centuries  after  the  latest  date  asaigned  to  the  eataatrophe.  Had  they 
ofen  lived  at  the  lime  of  that  flood,  we  might  atiti  eonlettd  that  their  m- 
lenee  ought,  no  more  than  Pliny'a,  to  avatl  againat  the  authority  of  tradt- 
lion,  however  much  ezaggeralioa  we  may  impute  to  the  traditional  na^ 
tative  of  the  event. 

It  does  not  appear  that  in  the  year  79  any  lava  flowed  fr5m  VMaviao ; 
ihe  ejected  auhetances,  perhaps,  coneiated  entirely  of  lapilli,  aaodt  and 
fragments  of  older  lava,  as  when  Monie  Nnovo  was  thrown  up  in 
The  first  era  at  which  we  have  authentic  aecounts  of  the  flowing  of  a 
stream  of  lava,  is  the  3rear  KM,  which  it  the  seventh  eruption  from  the 
revival  of  the  fires  of  the  volcano.  A  few  years  afterwards,  in  1049, 
anuiher  eruption  is  mentioned,  and  another  hi  ll'SS  (or  1139),  after 
which  a  gicui  pause  ensued  of  168  years.  During  this  long  iiuerval  of 
repose,  two  minor  vents  opened  at  distant  points.  First,  it  is  on  tradi- 
tion ill  ii  an  eruption  took  place  from  the  ISolfatara  in  the  year  il9S, 
during  the  reign  of  Frederic  11.,  Emperor  of  '^jlermany  ;  and  although  no 
circumstantial  detail  of  the  event  has  reached  us  from  those  dark  ages, 
we  may  receive  the  fact  without  hesitation.*  Nothing  more,  however, 
can  be  attributed  to  this  eruption,  as  Mr.  Scrope  observes,  than  the  die* 
ehaige  of  a  light  and  scoriform  trachyUe  lava,  of  recent  aspect,  restung 
upon  the  strata  of  loose  tuff  which  covers  the  principal  masa  of  trachyte.t 

Volcanic  en^ion  tn  JBehia^  1802«-»1*he  other  occnnenee  is  well 
authenticated,'— the  eniption,  in  the  year  1809,  of  a  lav»ett«am  fiom  a 
new  vent  on  the  south-east  side  of  the  Island  of  Isehia.  During  part  of 
1301,  earthquakes  had  succeeded  one  another  with  feaiiul  rapidity ;  and 
they  termimated  at  last  with  the  discharge  of  a  lava-stream  from  a  point 
named  the  Oampo  del  Arso,  not  far  from  the  town  of  Isehia.  This  lata  ran 
quite  down  to  the  sea— a  distance  of  about  two  miles;  in  odour  it  varies 
from  iron  gray  to  reddish  hlack,  and  Is  remarhabk  for  the  glassy  felspar 

*  The  eariiiit  »nth«fity,i>yi  Mr.  Fwhsa,  givsa  fat  this  ftct,  aypccs  to  be  Cafo* 

eio,  quoted  in  the  TenrnTkemsats  of  Boolto^Edin.  Jonm.  of  Sei.,  Ae.  No>  1.,  JV. 
p.  127.  JuIj,10B9. 
i  OeoL  Tnuw»,  seeoad  seriM,  vol.  ii.  p.  346. 
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which  il  cMltiiM.  Its  tufiioe  ii  alnoti  at  i tarile,  after  a  period  of  fito 
oentarles,  as  if  it  had  eooled  down  yesterday.  A  few  scantlings  of  wild 
thyme,  and  two  or  three  other  dwarfish  planUt  alone  appear  in  the 
interstices  of  the  scoris,  while  the  Vesnvian  lava  of  1767  is  already 

cohered  with  a  luxuriant  vegetation.  Pontanus,  whose  country-house 
was  burnt  and  overwhelmed,  describes  the  dreadful  scene  us  having 
lasted  iwo  months.*  Many  hnusi's  were  swallowed  up,  ami  a  partial  emi- 
gration of  llic  iiihabilaiiis  followed.  This  eruption  jiroduced  no  cone, 
but  only  a  slight  depression,  hardly  des(  rviii<T  the  name  of  a  crater, 
wliere  heaps  of  black  anil  red  scoriic  lie  ocaiit-red  around.  Until  this 
eruption,  Ischia  is  generally  believed  to  have  enjoyed  an  interval  of  rest 
ibr  about  seventeen  centuries ;  but  Julius  Obsequens,t  who  flourished 
A.  D.  214,  refers  to  some  volcanic  convulsions  in  the  year  602  after  the 
bniiding  of  Jtone  (91  b«o.].  As  Pliny,  who  lived  a  century  before  Obse* 
^■•■By  does  not  ennmerate  this  among  other  volcanic  emptions,  the 
•Meoient  of  the  latter  author  is  supposed  to  have  been  erroneooa ;  but  it 
w— id  iJ>i,.aioin  eonsislent,  for  reasons  before  stated*  to  disregard  the 
siieBee  of  PUayt  and  to  condnde  that  some  kind  of  subterranean  commo- 
tion* pfobobly  of  no  great  violence,  happened  at  the  period  alluded  to. 

jflbfery  ^  Fetumu  after  1 188. — To  return  to  Vesuvius  the  next 
enpion  eeenrred  in  1800;  between  which  ere  and  1081  there  was  only 
eaewiier  (in  1600),  and  that  a  alight  one.  It  has  been  remarked,  tliat 
throughout  this  period  Etna  was  in  a  state  of  such  unusual  activity  as  to 
lend  countenance  to  the  idea  that  the  great  Sicilian  volcano  may  some- 
times serve  as  a  channel  of  discharge  to  elastic  fluids  and  lava  that  would 
otherwise  rise  to  the  vents  in  (.'anijuuiia. 

Formation  of  Montr  Xiiovo,  1538. — The  great  pause  was  also  marked 
by  a  memorable  event  in  the  PIdegrnnan  Fields — llu'  suilden  formation  of 
a  new  mountain  in  1588,  of  which  we  have  received  auihtniic  accounts 
from  contemporary  writers.  Frequent  earthquakes,  lur  two  years  pre- 
ceding, disturbed  the  neighbourhood  of  Puzzuoli ;  but  il  was  not  until  the 
afflh^npd  88th  4^  September,  1638,  that  they  became  alarming,  when  not 
1ms  than  twenty  shocks  were  experienced  in  twenty-four  hours.  At 
lei^hi  OB  the  night  of  the  29th,  two  hours  after  sunset,  a  gulf  opened 
heiiyeip  |he  little  town  of  Tripergola,  which  once  existed  on  the  site  of 
thi^  Movie  Nooyo,  and  the  baths  in  its  suburbs,  which  were  much  fre- 
qpenHnl'  This  watering-place  contained  an  hospital  for  those  who 
lesorted  thither  for  the  benefit  of  the  thermal  springs,  and  it  appears  that 
there  were  no  fewer  than  three  inns  in  the  principal  street.  A  large  fis- 
aura  approaehed  the  town  with  a  tremendous  noise,  and  with  the  emis- 
sion of  flame ;  and  began  to  discharge  mud  composed  of  pumice*stones 
and  ashes  mixed  with  water,  with  some  blocks  of  solid  stone.  The  ashes, 

*  Lib.  vi.  de  Bello  Neap,  in  Orsvii  TiicMiir. 
«  Fiodjg.]ibeU.,«.ojdv. 
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by  whieh  Um  town  wis  mitirely  overwlMloied,  fill  im  uamaiMM  qa«itili6«» 
even  at  Naplef ;  while  the  neighbourinfr  Pannoli  was  deserted  by  its 

inhabitants.  The  sea  retired  suddenly  for  200  yards,  and  a  portion  of  its 
bed  was  left  dry.  The  whole  coast,  from  Monte  Nuovo  to  beyond  Puzzuoli, 
wa?  at  lliai  time  upraised  to  the  height  of  many  feet  above  the  bed  of  the 
Medilerranetn,  and  has  ever  since  remained  permanently  elevated.  The 
proofs  of  this  remarkable  event  will  be  considered  at  length  when  the 
phenomena  of  the  Temple  of  Serapis  are  described.*  On  the  3d  of  Octo- 
ber the  eruption  ceased,  so  that  the  hill  (1.  Fig.  22.),  the  great  mass  of 
which  was  thrown  up  in  a  day  and  a  night,  was  accessible ;  and  those 
who  ascended  reported  that  they  found  a  fnnnel-shaped  crater  on  its  bobh 
mit.    (2.  Fig.  22.) 

The  height  of  Monte  Nooyo  hf»  recently  betn  determined,  by  the 
Italian  mineralogist  Pini.  to  be  440  English  feet  abo?e  the  level  of  the 
bay ;  its  base  is  about  8000  feet»  or  nearly  a  mile  and  a  half,  in  cireuoi* 
ferenee.  Aooordtng  to  Pini,  the  depth  of  the  erater  is  421  English  feet 
from  the  summit  of  the  hill,  so  that  its  bottom  is  only  ninstesi  fwt  abov« 


Fig.  88. 


MmaelfkmtOff^rwuiinAeBmy^Baite,  Srpt.  a9fA,  153B. 


1.  Cone  of  Monte  Nnovo.  2.  Brim  of  crater  of  ditto. 

3.  Thermal  spring,  called  Baths  of  Nero,  or  Stufe  di  Tritoli. 

the  level  of  ihe  sea.  No  lava  flowed  from  this  cavity,  btit  the  ejected 
matter  consisted  of  pumiccous  mud  with  some  masses  of  iracJiyte,  many 
of  them  schistose,  and  resembling  clinkstone.  The  Monte  Nuovo  is 
declared,  by  the  beat  authorities,  to  stand  partly  on  the  site  of  the  Lucrine 

*  Bee  nhtp.  avi. 
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Lake  (4.  Fig.  23.*),  which  was  nothing  more  than  the  crater  of  a  pre- 
eziatent  volcano,  and  was  almost  entirely  filled  during  the  explosion  of 
1538.  Nothing  now  remains  but  a  shallow  pool,  separated  from  the 
sea  by  an  elevated  beach,  raised  artificially. 


The  Phlegraan  Fidds. 

1.  Monte  NuoTo.  2.  Monte  Barbaro.  3.  Lake  A  versus. 

4.  Lucrine  Lake.  5.  The  Solfatara.   '  6.  Puzzuoli. 

7.  Bay  of  Baiae. 


Volcanos  of  the  Phlegrsean  Fields. — Immediately  adjoining  Monte 
Naovo  is  the  larger  volcanic  cone  of  Monte  Barbaro  (2.  Fig.  23.),  the 
I  Gaurus  inanis  of  Juvenal — an  appellation  given  to  it  probably  from  its 

I  deep  circular  crater,  which  is  about  a  mile  in  diameter.    Large  as  is  this 

I  cone,  it  was  probably  produced  by  a  single  eruption ;  and  it  does  not, 

perhaps,  exceed  in  magnitude  some  of  the  largest-  of  those  formed  in 
Ischia,  within  the  historical  era.  It  is  composed  chiefly  of  indurated  tufa, 
like  Monte  Nuovo,  stratified  conformably  to  its  conical  surface.  This 
hill  was  once  very  celebrated  for  its  wines,  and  is  still  covered  with  vine- 
yards ;  but  when  the  vine  is  not  in  leaf  it  has  a  sterile  appearance,  and, 
late  in  the  year,  when  seen  from  the  beautiful  bay  of  Bais,  it  often  con- 
trasts so  strongly  in  verdure  with  Monte  Nuovo,  which  is  always  clothed 
with  arbutus,  myrtle,  and  other  wild  evergreens,  that  a  stranger  might 
well  imagine  the  cone  of  older  date  to  be  that  thrown  up  iu  the  sixteenth 
century  .t 

^  *  This  representation  of  the  Phlegrsan  Fields  is  reduced  from  part  of  Plate  xzzi. 

^  of  Sir  William  Hamilton's  great  work,  "  Campi  PhlegroQi."    The  faitlifulness  ofhis 

\'  coloured  delineations  of  the  scenery  of  that  country  cannot  be  too  highly  praised. 

f  t  Hamilton  (writing  in  1770)  says,  "  The  new  mountain  produces  as  yet  but  a  very 

•lender  vegetation." — Caropi  Phlegrei,  p.  G9.    This  remark  was  no  longer  applicable 

when  I  MW  it,  in  182d. 
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There  is  nothing,  indeed,  so  calculated  to  instnict  the  gr  olugigt  as  (1m 
striking  m anner  in  which  ihe  recent  volcanic  hills  of  Ischia,  anil  that  now 
under  coiiauiuraiion,  blend  with  the  surrounding  landscape.  Nothing  seerna 
wanlin?  or  redundant ;  every  part  of  the  picture  is  in  such  perfect  harmony 
tiie  rest,  that  the  who!r  has  the  appearance  of  having  been  colled 
into  existence  by  a  siri^N'  eilni  i  of  erealive  power.    Yet  what  other  rebuU 
could  we  have  anticipated,  it  iNaiure  iias  ever  been  governed  by  the  same 
laws  t    Each  oew  mountain  thrown  up — each  new  tract  of  land  raised 
or  depressed  by  eartiiquakea— shoiild  be  in  perfect  acoordance  with  thoee 
praviooflly  formed,  if  the  entire  configoration  of  the  surface  hn^?  been  due 
to  m  longieries  of  similar  disturbances.    Were  it«tnie  thai  the  giealer 
part  of  the  dry  land  originated  simaltaneously  in  its  present  8tate»  at  some 
era  of  parosysmal  conTulsion,  end  that  additions  were  afterwards  made 
slowly  and  soccessively  during  a  period  of  comparative  repose ;  iKen* 
indeed,  there  might  be  reason  Co  eipeet  a  strong  line  of  demareatiea 
between  tlie  signs  of  ancient  and  modem  changes.   But  the  very  eon- 
tinoity  of  the  plan,  and  the  perfect  identity  of  the  eaoses,  are  to  many  & 
source  of  deception  ;  since,  by  producing  a  unity  of  effect,  they  lead  tlien 
to  exaggerate  the  energy  of  the  agents  which  operated  in  the  earlier  agse. 
In  the  absence  of  all  historical  information,  they  are  as  unable  to  separate 
the  dates  of  the  origin  of  different  portions  of  our  continents,  as  the  stran- 
ger is  to  determine,  by  their  physical  features  alone,  the  di^jtinct  ages  of 
Monte  Nuovo,  Monte  Barbaro,  Astroni,  and  llie  Solfatara. 

The  vast  scale  and  violence  of  the  volcanic  operations  in  Campania,  in 
the  olden  time,  has  been  a  theme  of  declamation,  and  iias  been  contrasted 
with  the  comparative  state  of  quiescence  of  this  delightful  region  in  the 
modern  era.  Instead  of  inferring  from  analogy,  thai  the  ancient  Vesuties 
was  always  at  rest  when  the  cratera  of  the  Plilegrsan  Fields  were  hatth 
iag,^-ihat  each  cone  rose  in  succcseiont — and  that  many  yeam^and  often 
centuries,  of  repose  intervened  between  different  emptions,— geologists 
seem  to  have  generally  conjectured  that  the  whole  group  sprung  up  fraoi 
the  ground  at  once,  like  the  soldiers  of  Cadmus  when  he  sowed  the 
dragon's  teeth.  As  well  might  they  endeavoor  to  persusde  us  thai  on 
these  Phlegrwan  Fields,  as  the  the  poets  feigned,  die  giants  warred  with 
Jove,  ere  yet  the  pony  raee  of  mortals  were  in  being. 

Mod&m  JSnqttioM  of  Ftumiu$,^^w  nearly  a  eentiij  aftsr  the  btidi 
of  Monte  Noovo,  Vesuvius  eontinned  in  a  etate  of  trsnqnillity.  There 
had  then  been  no  violent  eruption  for  499  yean ;  and  it  appeam  that  the 
crater  was  then  ezacdy  in  the  condition  of  the  piesent  exdnet  volcano  of 
Astroni,  near  Naples.  Bracini,  who  visited  Vesuvius  not  long  before  the 
eruption  of  1031 ,  gives  the  follow  ing  interesting  descrij)iion  of  tin  imerior: 
— *•  The  crater  was  five  miles  in  circumference,  and  al)i>ut  a  liiousand 
paces  deep  i  its  sides  were  covered  with  brushwood,  and  ut  the  botUMU 
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tfiere  was  a  phiiu  ou  which  cattle  ^rnzcd.     In  ihc  wooUy  parts  wild  boars 
freqiK'iuly  harboured.    In  one  pariof  the  plain,  covered  with  ashes,  were 
three  small  pools,  one  filled  with  hot  and  bitter  water,  another  Salter  than 
the  sea,  and  a  third  hoi,  biii  lasieless."*    But  at  length  these  forests  and 
grassy  plains  weri3  consiiiiHni,  beinj^  ??iiddeidy  Mown  into  the  air,  and 
their  ashes  scattered  to  liie  winds.    In  DecL  nilu  r,  1631,  seven  streams 
of  lava  poured  at  once  from  the  crater,  and  overflowed  several  villages  on 
ibe  iiankfl  and  at  lb«  ImA  M  tfaa  MMmtain.    Resina,  partly  built  over  the 
ancient  site  of  Hsmilifiemii,  was  oonsuroed  by  the  fieiy  lonent.  GiMt 
floods  of  mud  were  as  dfittrofilivo  aa  the  lava  itself, — no  uneommoti  oo> 
eorreDce  doriog  theae  cataatrophea ;  for  auch  is  the  violence  of  raiiia  pio- 
doeod  bj  the  afottttioa  of  aqneoiia  ▼apour,  that  tonenta  of  water  daaeand 
<he  00D0»  aadf  hmimiliij  ohaigad  with  impolpaUe  Yolaanw  dnat*  and  lollinf 
nloay  looaa  aahaa,  aeqniva  aaflUstanl  oonataiaBey  lo  deaarro  their  oidiaaij 
afipaUatMNi  of  aqnoona  lavaa.*' 

A  brief  period  of  lepoae  enanedt  wfakh  laalad  onlj  nntil  the  yair  1900» 
lironi  wbieh  line  to  the  present  there  haa  been  a  eonatant  aeriea  of  emp- 
tlonBy  with  rarely  an  Intenral  of  reat  ezeeeding  ten  yeank  Daring  these 
difee  eenlaries  no  irregular  volcanic  agency  has  eonToIsed  other  points  in 
this  district.  Brieslak  remarked,  that  such  irregular  convulsions  had  oc- 
curred in  the  Bay  of  Naples  in  every  second  tcntury  ;  as,  for  example, 
the  eruption  of  the  Solfaiaru  in  the  l\v(  llth,  of  the  lava  of  Arso,  in  Ischia, 
in  the  fourteenth,  and  of  Monte  Nuovoin  the  hixtcenlh  :  but  the  eighteenth 
has  formed  nn  exception  to  this  rule,  and  this  s^pems  accoiwuod  for  by 
the  unprecedenird  number  of  eruptions  of  Vesuvius  during  ili;it  period; 
Tvheren*?.  n  lit  n  ilie  new  vents  oprnptl,  \hvjv.  lind  always  been,  as  we  have 
aeea,  a  long  intermiUance  of  activity  in  the  principal  volcano. 

•  HanillaB^  CSnnpi nilagml> ABo,  vol. L p.  OB.;  and  Brieslak,  Otmpanis,  Iobm 
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VOLOANIO  DISTRICT  OT  KAPUM— COllltftllAf. 

Volcanic  District  of  Naples,  cofUinuail — Dimenuona  and  s-tru  turo  of  tlu-  cone  of 
Ve»uviu» — ^Dikea  in  ihu  recent  cone  (p.  31 7.) — Section  tiirough  VesaTms  ana  Sooi* 
mfr— VeauTian  lavaa  and  minerals  (p.  32U.) — Efiecla  of  decomposition  of  lava* — 
Allafioms  edled  aqoeoiw  Israi*'— Orlgiii  ud  eompotttioD  of  the  inatter  mvelop' 
iiif  BMOvluieiini  and  Fonpeii— OontrofeniM  oa  tlM  intjeet  CoBditioa  aai 
^aotraAi  of  bwied  cities  (p.  326.) — Snull  nomber  of  Skelrtom  State  of  pre* 
MTVi^im  of  inimal  and  vogeUbte  anbatanota — Rolla  of  I'apyraa — ProbabUitjr  «f 
future  discoyeries  of  MSS.— Stabis  (^390.)^T«Kn  dbl  fiffTlir  Viimtimit^ il 
maxJu  on  the  Cunpanian  volcanoa. 

Strvrffirc  of  the  cone  of  Vesttviuf. — Between  the  end  ol  the  ciglueenlh 
ceutury  and  ihe  year  1822,  the  great  crater  of  Vesuvius  has  been  gradu- 
ally filled  by  lava  boiling  up  from  below,  and  by  acoris  falliog  from  tba 
€Xpk)eioiui  of  minor  mouths  which  were  formed  at  iaienrak  on  ila  bottom 
and  sides.  In  place  of  a  regular  cavity,  therefore,  there  was  a  rough  tiifi 
rocky  plaint  covered  with  blocks  of  lava  and  scoris,  and  cut  by  nuwn^ 
rous  fissnrssi  ffom  which  dooda  of  vapour  were  Evolved,  But  chia  stalo 
«f  thingi  waa  totally  changed  by  the  eruption  of  October*  i822t  whca 
violent  explosbna,  during  the  space  of  more  than  twenty  daya»  broke  np 
and  threw  out  all  this  accQmnlated  massg  so  as  to  leave  an  inunenae  golf 
or  chasm*  of  an  irregular,  but  aomewhat  elUptical  shape,  about  thrse 
miles  in  circumference  when  meaaured  along  the  very  ainoous  and  irregi^ 
lar  line  of  its  extreme  margin,  but  somewhat  less  than  three-quarters  of  a 
mile  in  its  longest  diameter,  which  was  directed  from  N.  E.  to  S.  W.* 
The  depifj  of  ihis  tremendous  abyss  has  been  variously  estimated;  for 
ffuin  ihe  liour  of  its  fornialion  il  decreatcJ  daily  hy  llie  dilapidation  of 
its  sides.  It  measured,  at  first,  according  to  the  account  of  some  authors, 
2000  feet  in  depth  from  the  extreme  part  of  the  existing  Kuimnit;t  but 
Mr.  Scrope,  when  h<  it,  soon  after  the  eruption,  estimated  its  depth 
at  less  \]\:\n  half  that  quantity.  Moie  th;i;i  .^UO  fprt  of  llie  cone  was 
carried  away  by  the  explosions,  so  that  the  muunlam  was  reduc^  ia 
height  from  about  4200  to  3400  feet4 

As  we  ascend  ihe  sloping  sides,  the  volcano  appears  a  mass  of  loose 
materials—a  mere  heap  of  rubbish,  thrown  together  without  the  ali^tesl 

*  Account  of  the  Eruption  of  Vosuvins  ia  Ootober,  1888,  by  Q.  P.  8cxapo,  Bif^ 
Joan,  of  Soi.,  dec.  vol.  xr.  p.  175. 

t  Mr.  ForbM,  Aoooant  of  Moant  ?omf ins,  Edui  Journ.  of  Soi ,  Now  xwML p. m> 
Oot  ISSd.  t  Ibid.,  p.  194. 
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order;  bat  on  arriviDg  at  the  brim  of  the  ertter,  and  obtaining  a  Tievv  of 
ihe  interior,  we  are  agreeably  Burprised  to  discover  that  the  conrormation 
of  the  wliolu  Uisplays  in  every  pari  lliu  juobt  perfect  syniincirv  and  ar-  . 
raiigement.    *i  he  maierials  are  disposed  in  regular  strata,  sli^rlniv  uudu* 
lating',  appearinir,  when  viewed  in  Jiont,  to  he  disposed  in  horizontal 
plane«.    Hut,  as  we  make  the  circuit  f>r  tiic;  c\.\gc  ol  llie  crater,  and  ob- 
serve the  (ditfs  by  which  it  is  ( tu  iix  led  projecting  or  receding  in  salient 
or  retiring  angles,  we  behold  transverse  sections  of  the  currents  of  lava 
and  beds  of  sand  and  scoriae,  and  recognise  their  true  dip.    We  then  dia- 
eovar  dMi  they  incline  outwards  from  the  axis  of  the  coaa»  at  angles 
wyiog  horn,  W  to  46°.   The  whole  cone,  in  fact,  it  composed  of  % 
wmmknt  of  eoMMtric  coatings  of  alternating  lavsi^  Mndt  and  tooris. 
EiOTjr  abovtr  of  Mhtt  which  has  fallen  fioa  abofo,  «Mi  every  stream  of 
Uva  deaeendiag  fcom  the  Upe  of  the  eraler»  have  eeaformed  to  the  mii> 
wavd  emfeee  of  the  hilU  ao  that  one  eonieal  envelope  nay  be  aaid  lo  havo 
hven  eveeeaiiveljr  folded  xoond  aaother,  ootU  the  aggregation  of  Ihe  wholn 
BMHintain  wai  ODmpleled.  The  seilced  aeparalion  Into  dietinet  heda  n- 
eulle  fMn  Ihe  difikeni  edkNm  and  degreea  of  ooafaeoeee  in  the  aande* 
neorui*  and  lava»  and  Ihe  alternation  of  liieee  wllh  each  other.  The 
fveateel  diAeulQTt  on  Ihe  diet  view,  ie  to  coneeivo  how  eo  much  regular- 
ity ean  be  piodaoedt  notwithstanding  tho  iWMioal  dietrtbotion  of  sand 
and  scoriae,  driven  by  prevailing  winds  in  particular  eruptions,  and  the 
small  breadth  of  each  sheet  of  lava  as  it  first  do  us  uui  liuin  die  crater. 

Ihil  on  a  closer  examinaiion,  we  find  that  liie  appearanre  of  rxiicme 
oniluriiiiiy  is  delusive,  for  when  a  iiuniber  of  beds  thin  out  gradually,  and 
at  diilerent  points,  the  eve  does  not  without  ditilculty  recoo^nise  the  ter- 
mination ol"  any  one  siralurn,  but  imually  «5npposes  it  coniitiuous  with 
some  other,  which  at  a  short  distance  may  lie  prcri^^ply  in  the  fnme  plane. 
The  slight  undulations,  moreover,  produced  hy  inequalities  on  the  sides 
of  the  hill  on  which  the  successive  layers  were  moulded,  assist  the  decep- 
tion. As  oenntiflea  beds  of  aand  and  aoaria  eonatitute  the  greater  part  of 
the  whoie  mass,  these  may  aometimee  mantle  continnoiialy  round  tho 
whole  eone;  and  even  lava-streame  may  he  of  conaiderable  breadth  when 
tint  th^  overflow,  and,  staee  in  eomo  emptiona  a  eonsiderable  part  of 
tim  npper  portaen  of  the  eone  breaka  down  at  onee,  may  torn  a  abeel 
ezlending  as  fiir  ae  the  epaea  whieh  the  eye  naoally  lahea  in  in  a  aingln 
eoetion. 

The  high  udinaiion  of  aome  of  the  hede,  and  the  firm  onion  of  tho 
pnrtielfa  oven  where  there  ie  evidandy  no  oemeat,  ia  another  etriking 
feamie  in  the  voleanie  loISi  end  hioeoiee,  whieh  eeeme  at  firat  not  very 
eeay  of  explaaelion.  Bot  tho  taet  great  eroplien  affwded  ample  illnatra- 
tion  of  the  manner  in  which  these  strata  are  formed.  Fragments  of  lava, 
scorise,  pumice,  and  sand,  when  tliey  fall  at  slight  distances  from  the 
summit,  are  only  hail  cooled  down  Irom  a  state  of  fusion,  and  are  after- 
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wii^  tolad  iipMi  by  ikm  bMt  from  wkhin,  uid  bf  IbiMniM  or  0anll 
tbt  ooM  ibmgli  whidi  bot  vtpoim  m  ditengnged.  Thiw 
heated,  the  ejected  fragments  «A«re  together  strongly ;  and  the  whole 
mass  acquires  such  consistency  in  a  few  days,  that  fragmeuis  cannot  be 
detacheU  wiUioul  u  bumrl  bluu  o!  the  hauiincr.  At  the  same  time  sand 
and  scoriae,  ejected  to  a  greater  distance,  remain  incoherent.* 

Sir  William  Hamilton,  in  his  desrnption  of  the  Pi  iijni  on  of  1779,  savs, 
that  jots  of  liquid  lava,  mixed  with  shJiies  and  scorie,  wfrc  thrown  up  to 
the  height  of  at  least  10,000  feet,  having  the  appearance  of  a  columa 
of  fire.t  Some  of  these  were  directed  by  the  winds  towards  Ottaiano, 
and  some  of  them,  falling  almost  perpendicularly,  still  red>hot  and  liqaM» 
on  Veiurius,  covered  lis  whok  eone,  part  of  the  monataiii  of  Somma, 
and  the  valley  between  th^»  The  falling  matter  being  nearly  at  vividly 
inflamed  as  that  which  wns  continually  issuing  fresh  from  th^  crater, 
formed  with  it  one  complete  body  of  fire,  whieb  €Oold  not  be  less  than 
two  miles  and  a4ialf  in  bfeadth,  and  of  tho  oxtraoidinafy  height  abova 
mentionedt  casting  a  heat  to  the  diatanee  of  at  leaat  aiz  oiilea  aroond  It 
Dr.  Clarke,  also,  tn  his  aceonnt  of  the  eraption  of  ITfiS*  aaya  that  mil- 
lions of  red-hot  atonee  were  ahot  into  the  air  full  half  the  height  of  the 
eone  itaetf,  and  then  bending,  fell  all  round  in  a  fine  arch.  On  another 
oeeaaiott  ho  aaya  t]iat»  as  they  fell,  they  eovered  nearly  half  tin  eone 
with  Are. 

The  aame  anthor  has  aleo  deaerlbed  the  diSbrent  appearanee  of  the  lava 

at  its  source,  and  at  some  distance  from  it,  when  it  had  descended  into 
the  plains  helow.  At  the  point  where  it  issued,  in  1793,  from  aa  archeJ 
chasm  in  the  side  of  the  mountain,  the  vivid  torrent  rushed  with  the  velo- 
city of  a  flood.  It  was  in  perfect  fusion,  uiiallended  wiiii  any  scoriae  oa 
Us  buriace,  or  any  gmss  iu:iu n  ils  not  in  a  state  of  complete  solution.  It 
flowed  with  the  iranslucency  of  honey,  *'  in  regular  channels,  cut  finer 
than  art  can  inmate,  and  glowing  with  all  the  splendour  of  the  sun."— 
'*  Sir  William  Hntnihon,"  he  continues,  "  h^id  conceived  that  no  stones 
thrown  upon  a  current  of  lava  would  make  any  impression.  I  was  soon 
convinced  of  the  contrary.  Ijght  bodies,  indeed,  of  five,  ten  and  fifteen 
pounds  weight  made  little  or  no  impreaaion  even  at  the  source ;  but  bodies 
of  Mtjf  seventy,  and  eigh^  ponnda  were  seen  to  form  a  kind  of  bed  on 
the  anrface  of  the  lava,  and  float  away  with  it.  A  atone  of  three  hundred 
weight,  that  had  been  thrown  ont  by  the  crater,  lay  near  tlie  sourco  of  liis 
eorrent  of  lava:  I  raiaed  it  upon  one  ond*  and  then  let  it  (iUl  in  npon  the 
U^nid  lava;  when  It  gradoally  sunk  beneath  the  anrfneoi  and  diaappearad. 
If  I  wished  to  deeoribe  the  manner  in  which  it  anted  vpon  the  lava*  I 
ehonld  aay  that  il  was  liken  loaf  of  bnad  thrown  into  a  bowl  of  vncy  thick 

*  Monticelli  and  CoveUi,  StoriA  di  Feoon.  del  Vesuv.,  ea  1881-9-3. 
t  Campi  FiilegrieL 
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boMf ,  whM  ffraMljr  iiivolm  ilntf  in  htftfj  Uqvid»  aad  dm 
slowly  ainks  lo  tlw  bollom« 

The  Ufa,  at »  mmU  dittaae*  ftmn  Ua  aonfoe,  aeqiiita  ft  darkar  tint 
upon  Ita  aarfaae^  la  kaa  aa«ily  aetad  upon,  and,  as  tte  alraaiii  wklaaa,  the 

0orfaee«  having  Inat  ila  alale  of  peiftet  aolmion,  grows  harder  and  harder, 
mnd  eraefcs  into  innmntrable  fragfrnents  of  very  porous  maiter,  to  u  hich 
they  give  the  name  of  scoriae,  and  the  appearance  of  which  has  led  many 
to  suppose  that  it  proceeded  thus  from  tlie  mouiUaui.  1  lierc  is,  how- 
ever, no  truth  in  this.  All  lava,  at  its  first  exit  from  its  native  volcano, 
iiuvvij  out  in  a  liquid  state,  and  all  equallv  in  fusion.  The  uppearnnre  of 
the  scoriae  is  to  be  attributed  only  to  tlie  aciiuu  (  1  ihe  external  air,  and 
not  to  any  diflerence  in  the  materials  which  compose  it,  since  any  lava 
whatever,  separated  from  its  channel,  and  exposed  to  the  action  of  the 
exiernai  tir,  immediaieljr  craclcs,  becomaa  porooat  aiHl  allaia  iis'f^nn... . 
Am  veproeeadad  downward,  this  beeaoM  aMie  and  more  evident aftdl 
the  same  lava  which  U  ila  ofiginal  aooiee  flowed  in  perfect  eoluiion,  en* 
divided*  and  Im  from  eneambranees  of  anj  kind;  a  little  litftber  down 
had  lie  anrfaee  loaded  with  aooria  in  each  a  nanner,  that,  opon  ila  arrival 
nC  the  botlom  of  the  neuntahi*  the  whole  eenent  reaembled  noibtag  ao 
aineh  as  t  heap  or  ineenneeted  eiodeie  from  ao  iroo'fenndry.**  In  anoiher 
plaee  he  say  a,  that  the  rivera  of  lava  in  the  plain  lesembled  a  vast  heap  - 
of  cinders,  or  the  seori»  of  an  iron-foondryt  rolling  alowljr  alongy  and 
Mling  with  a  rattling  noiae  over  one  another."* 

It  appeata  that  the  intensity  of  the  light  and  heat  of  the  lavm  varies  eon* 
siderably  at  different  periods  of  the  same  eruption,  as  in  that  of  Vesuvius 
in  1819  and  1820,  when  Sir  II.  Davy  remarked  different  dei^reesof  vivid- 
ness in  the  while  heat  at  the  point  where  the  lava  origiuau  U.t 

WliLii  the  expressions  "llame  *  and  smoke"  are  used  in  describing 
volcanic  appearances,  thev  must  generally  be  understood  in  a  figurative 
sense.  The  clouds  of  npp  irenl  smoke  coasisl  u&ually  of  aqueous  and 
other  vapours,  or  of  tiiat  impalpable  dust  which  is  f.irmefl  of  linely  com- 
minuted volcanic  scoriie.  The  columnn  of  llame  are  very  rarely  if  ever 
derived  from  inflammable  gases,  but  consist  of  showers  of  incandescent  or 
led-hot  fragmenia  of  lava,  iUnmiuated  by  that  vivid  light  which  is  emitted 
from  the  enter  below,  where  the  lava  la  aaid  to  glow  with  the  apleodonr 
of  the  son. 

IHke$  in  the  recent  eone,  how  fartned*^Th9  ineiined  etrata  before 
mentiooed,  which  dip  ontwarda  in  all  diieetioos  from  the  axis  of  the  cone 
of  Veaoviaie,  eio  inieieeeied  by  veina  or  dikee  of  eompaet  lava,  for  the 
moat  pert  lo  a  vertical  peeition4  In  1886  these  were  eeen  to  be  abent 
eevea  In  nomber,  eone  of  them  not  leas  than  400  or  500  feet  in 

"  Otter  ti  Life  of  Dr.'  Claiks.  t  ^luL  Traos,,  1828,  p.  241. 

t  Bee  Book  iv.  chap.  10* 
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height,  and  thinning  out  before  they  reached  the  uppermost  part  of  the 
cone.  Reing  harder  than  the  beds  through  which  they  pass,  ihey  hive 
decomposed  less  rapidly,  and  therefore  stand  out  in  relief.* 

There  can  bo  no  doubt  that  these  dikes  have  been  produced  by  the 
filling  up  of  open  fissures  with  liquid  lava;  but  of  the  date  of  their  forma- 
tion we  know  nothing  further  than  that  they  are  all  subsequent  to  tbe 
year  70,  and,  relatively  speaking,  that  ihey  are  more  modern  than  all  the 
lavas  and  scoriae  which  they  intersect.  A  considerable  number  of  the 
upper  strata,  not  traversed  by  them,  must  have  been  due  to  later  erup- 
tions, if  the  dikes  were  filled  from  below,  and  if  lava  rose  in  them  to  the 
surface.  That  the  earthquakes,  which  almost  invariably  precede  erup- 
tions, occasion  rents  in  the  mass  is  well  known  ;  and,  in  1822,  three 
months  before  the  lava  flowed  out,  open  fissures,  evolving  hot  vapours, 
were  numerous.  It  is  clear  that  such  rents  must  be  injected  with  melied 
matter  when  the  column  of  lava  rises,  so  that  the  origin  of  the  dtkes  if 
easily  explained,  as  also  the  great  solidity  and  crystalline  nature  of  the 
rock  composing  them,  which  has  been  formed  by  lava  cooling  slowly 
under  groat  pressure. 

Section  through  Vesuvius  and  Somma. — In  the  annexed  diagram 
(Fig.  24.)  it  will  be  seen  that,  on  the  side  of  Vesuvius  opposite  to  thai 


Fig.  24. 


g  g 

Supposed  section  of  Vesuvius  and  Somma. 

a.  Monte  Somma,  or  the  rrmainsof  the  ancient  rone  of  Vesuvius. 

b.  The  Pcdomentina,  a  terrace-likc  projection,  encircling  tlie  b&ie  of  the  recent 
cone  of  Vesuvius,  on  the  south  side. 

e.  Atrio  del  Cavallo ;  so  called  from  travellers  leaving  their  horses  and  mules  there 
when  they  prepare  to  ascend  the  cone  on  foot. 
d,  e.  Crater  left  by  eruption  of  1822. 

/.  Small  cone  thrown  up  in  1828,  at  the  bottom  of  the  great  crUer. 

g,  g.  Dikes  intersecting  Somma. 

A,  A.  Dikes  intersecting  the  recent  cone  of  Vesuvius. 

•  When  I  visited  Vesuvius,  in  Nov.  1828,  I  was  prevented  from  descending  into 
the  crater  by  the  constant  ejections  then  thrown  out.   I  only  got  sight  of  three  of 
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where  a  portion  of  the  ancient  cone  of  Somraa(a)  still  remains,  is  a  pro- 
jection (6)  railed  the  Pedamentina,  which  some  have  supposed  to  ho.  part  of 
the  circumiereoce  ol  thu  ancient  crater  brukoii  down  towards  the  eea,  and 
over  ihv  edge  of  which  the  iavas  ol  ilie  modern  Vesuvius  have  poured ; 
the  axis  of  tiie  present  cone  of  Vesuvius  being,  aecofding  to  Viscoati,  pre* 
cisely  eqnidiaiant  from  the  escarpment  of  SonuM  and  the  Pedamcntina* 
it  iiaa  been  ofajeeled  that,  if  the  PedameDtina  and  the  eaearpmeni  of  8om* 
ma  were  the  ramaina  of  the  original  eraUff  thai  enter  mnat  have  been 
■any  milee  in  diameter,  and  more  enormooe  thaaalmoet  any  one  known 
on  the  globe.  In  anawer  to  this*  it  may  be  anggeated,  that  probably  the 
andent  nonntain  waa  higher  than  Veaurina  (which,  comparatirely  apeak* 
ittg,  ie  a  voleano  of  no  great  height,)  and  that  the  ezploaiona  of  the  year 
79  eaneed  it  not  merely  to  disgorge  the  contenta  of  ita  mter,  whieh  had 
long  been  ehoked  op,  but  blew  up  a  great  part  of  the  cone  itaelf :  ao  that 
the  wall  of  Somma,  and  the  rtdge  or  terrace  of  the  Pedamentina,  were 
never  the  margin  of  a  crater  of  eruption,  but  are  the  relics  of  a  ruiaeJ 
aikil  truncated  cone. 

It  will  be  seen  in  the  diagram  that  the  slanting  beds  of  the  cone  of 
Vesuvius  become  horizontal  in  tlip  Atrio  del  Cavallo  (at  c),  where  ilie 
ba:-<'  <if  the  new  cone  meets  liic  precipitous  escarpment  of  Somma ;  for 
when  the  lava  flows  down  to  this  point,  as  happened  in  1822,  its  descend- 
ing course  is  arrested,  and  it  then  runs  in  another  direction  along  thia 
tmall  valley,  circling  round  the  base  of  the  cone.  Sand  and  acoriae,  also, 
blown  by  the  winda,  ooliect  at  the  base  of  the  cone,  and  are  then  swept 
away  by  torrents ;  ao  that  there  ia  alwaya  here  a  flattish  plain,  as  repre- 
sented. In  the  same  manner  the  small  interior  eone  (/)  most  be  com* 
poeed  ot  eloping  beds,  terminating  in  a  horisontal  plain ;  for«  while  this 
monticule  was  gfadoally  gainuig  height  by  successive  ejections  of  lava 
and  ecorim,  in  16S8,  it  was  always  svrrounded  by  a  flat  pool  of  semi-'AoLd 
Java,  into  which  eeoriv  and  sand  were  thrown. 

The  escarpment  of  Somma  exhibits  a  stnictare  preeifdy  similar  to  that 
of  the  eone  of  Vesuvius,  but  the  beds  are  intersected  by  a  much  greater 
number  of  dikes.  The  formation  of  this  older  cone  does  not  belong  to 
the  lu^torical  era,  and  must  not,  therefore,  be  enlarged  upon  in  lliis  place; 
but  I  shall  have  occasion  presently  to  revert  to  tlie  subject,  when  speak- 
ing of  a  favourite  doctrine  of  some  modern  geologists,  concerning  "  craters 

the  dikes;  bat  Signer  HontioeUi  had  previoosly  had  drawanga  made  of  the  whole, 

which  he  showed  me.  The  veins  which  I  saw  were  on  that  side  of  the  cone  which  is 
encircled  by  Sonuna.  In  March  ofthe  year  before  mentioned,  an  eruption  began  at  the 
bottom  of  the  deep  gulf  formed  in  1  •'22.  Tlie  mjprtpd  matter  had  filled  up  nearly  one- 
third  of  the  original  abyss  in  Nov(  niher,  and  tjir  snnie  operation  was  still  in  progress, 
a  single  black  cooe  being  seen  at  tlie  bottom  in  almost  continual  activity.  I  found 
the  lava  of  1888  not  yet  cool  on  the  north  tide  of  the  eona,  and  evolving  macb  beat 
and  Tapourfionierevieaa.  It  waa  then  upwaida  ctuM  yaaia  aince  U  flowed  eat 
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of  elevAtioR*'  (Erhebnngicritore),  wtnreby,  in  deftnM  of  tnalogy,  tho 

origin  of  the  identical  disposition  of  the  strata  and  dikes  in  Vesovios  and 
Sonirna  has  been  referred  lo  a  mode  of  operation  extremely  dissimilar. 

Vemvian  Lavas. — The  modern  lavas  of  Vesuvius  are  ciiar.icterised  by 
a  large  proporlion  of  augite  (or  pyroxene).  They  are  often  porphyniic, 
ronlahiing  disseniina'.ed  crystals  of  niiji'itp,  leurite,  or  some  other  mineral, 
imbedded  in  a  more  (  artliy  base.*  In  regard  to  the  slruclure  of  liiese 
lavas  on  a  great  scale,  there  are  no  natural  sections  of  sutficient  depth  to 
enable  us  to  draw  fair  comparisons  bciween  ihem  and  the  products  of 
ezlioct  volcanos.  At  the  fortress  near  Torre  del  Greco  a  sectioa  if 
6Xpoeed«  fifteen  feet  in  height,  of  a  earrent  which  ran  into  the  sen ;  and 
it  evineea,  especially,  in  the  lower  part,  a  decided  leadenejr  to  divide  into 
nide  eoiamns.  A  still  more  striking  example  may  be  aeen  to  the  westef 
Torre  del  Annnoziata,  near  Forte  Scassato*  where  the  mass  is  laid  open 
by  the  sea  to  the  depth  of  twenty  feet.  In  both  these  eases,  howevw^ 
die  rock  may  rather  be  said  to  be  divided  into  nnmerons  perpendieohr 
fissures^  than  to  be  prismatiCt  although  the  same  pietareM^ne  efect  is 
produced.  In  the  lava-currents  of  Central  France  (those  of  the  Vivataif, 
in  particular),  the  uppermost  portion,  oflen  forty  feet  or  more  in  thidt* 
ness,  is  an  amorplious  mass  passing  downwards  into  lava  irregularly 
prismatic;  ami  under  this  there  is  a  foundation  of  refrul  ir  and  vertical 
columns,  but  these  lavas  are  often  100  feel  or  more  m  ihickness.  We 
can  scarcely  expect  to  tli trover  the  same  pheaomenon  in  the  shallow 
currents  of  Vesuvius,  wliere  the  lowest  part  hns  cooled  more  rapidly, 
althougii  it  may  be  looked  for  in  modem  streams  iu  lceland»  which  exceed 
even  those  of  ancient  France  in  volume. 

Mr.  Scrope  mentions  that,  in  the  diflfs  encircling  the  modem  crater  of 
Vesuvius,  he  saw  many  currents  offering  a  columnar  division,  and  soms 
almost  as  regularly  prismatic  as  any  ranges  of  ihe  older  baaalts ;  and  bs 
adds,  that  in  some  the  spheroidal  concretionaiy  stnictnre,  on  a  laige 
scsle,  was  equally  conspicuous.]:  Brieslakt  also  informs  us  that,  io  the 
siliceous  lava  of  1787,  which  contains  au^te,  leucite,  and  crystab  of 
felspar,  he  found  very  regular  prisms  in  a  quarry  near  Torre  del  Greoo; 
an  observation  confirmed  by  modem  authorittee.$ 

Efficia  of  decompontion  on  lavat* — The  decomposition  of  some  of  the 
felspathie  lavas,  either  by  simple  weathering,  or  by  gaseous  emanaltOBS, 
converts  them  from  a  hard  to  a  soft  clayey  state,  so  that  they  no  longer 
retain  the  smallest  resemblance  to  rocks  cooled  down  from  a  state  of 
fusion.  The  exhalations  of  sulf)hurelled  hydrogen  and  niuriaiir  aciil, 
which  are  disengaged  couiuiuaiiy  Irom  the  SoLfatara,  also  produce 

*  Bee  Book  iv.  chap.  10.  t  Joum.  of  Bet,  vol.  xv.  p.  177. 

(  Voy.  dans  U  Camptaie,  tooM  i.  p.  901. 

I  Mr.IWbes,£aiii.JMim.or  Sei.,No.xviii.,Oet.UaB. 
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curious  changes  m  tht  tndiTl*  of  ihsl  naariy  eniaot  voleaw:  tha  look 
s>  Uofiwd  and  bteg««t  pomot,  issile,  and  bonqpaottbad,  tOl  al  laagtb 
it  anmUaa  iiMa  a  whiia  ■ilieaoiii  powder.*  Nomeroua  globulat  ooaoro* 
lioiMy  wpoaad  of  aonoantria  lamuM,  ai*  alio  fomod  by  tba  aaoM 
vapoQia  in  this  deoonpoaed  loek.t 

Thof  who  hate  flaliad  Ibe  PUognsan  Fiolda  and  the  Toleanfe  nf ions 
of  Skiljr,  and  who  an  aware  of  the  many  proUematieal  appetrineea 
fvhieb  igneoot  roeks  of  the  meet  modern  origin  assume,  especially  after 
decomposition,  cannot  but  be  astonished  at  tlic  contidcnce  witli  which 
the  coutending  Neplunists  and  Viilcanisis  in  the  last  ccniury  dogmalized 
on  the  origin  of  cerlaiu  rocks  of  remote  aiiliquily.  lusiead  ol  iiaving 
laboured  to  acquire  an  acmr  iu  acquuiatatice  with  the  aspect  of  known 
Tolcanic  ruck^,  Miid  tho  tr  iiisiiiiit  Hhins  w  hich  ihev  uuJf  rij'o  stihspquenily 
to  their  first  consoiuiatiou,  liie  adherents  ol  both  parties  seetu  either  to 
have  considered  themselves  born  with  an  iuluilive  knowledge  of  the 
ejects  of  volcanic  operations,  or  to  have  assumed  that  they  required  no 
oiher  aaaiogiee  tiiai  those  which  a  labontwy  or  famaos  mifhl  supply. 

Fesuvian  Minerals. — k  great  lariety  ef  mioeralt  are  found  in  the 
Ims  of  VesiTnis  and  Sonnia:  for  so  many  are  commoD  to  both,  thalil 
is  nnncceMafjr  to  seperate  then.  Augitet  leocite,  felspar,  mica,  oUvinOt 
and  eolphar,  are  most  abnndant.  It  is  an  oztraoidinaiy  fao«»  that»  in  an 
man  of  thraa  sqoare  mflas  ronad  Vasoviast  a  ffanter  nomber  of  simple 
minenls  bsfo  been  fonnd  than  in  any  apot  of  the  aaoM  dimensiooa  an  tba 
anr&ea  of  the  globe.  H&ny  annmarated  only  WO  spaeiee  of  eimpla 
mmarak  as  known  to  him  \  and  no  lees  thsn  eighty-two  bad  been  Ibinid 
«n  Tesnvios  and  in  the  taffs  on  the  flanbe  of  Sonunn  before  tba  end  of 
the  year  I8SI84  Many  of  tbeee  are  peculiar  to  thai  ioeality.  Some 
mineralogists  have  conjectured  that  the  greater  part  of  these  were  not  of 
Vesuvian  origin,  but  thrown  up  in  fragments  from  some  older  formation, 
through  whicli  the  gaseous  exph)sions  burst.  Bnt  none  of  the  ohk  r 
Turks  in  Italy,  or  rl^iwlicrr  .  ronlain  such  an  assemblagti  ol  mineral  pro- 
dm  i>;  and  the  hypothesis  sfcins  in  linve  been  pr  ompted  by  a  disinclina- 
Uon  to  a^niit  thai,  in  tinies  so  recent  ta  ihe  earlli's  lii^inry,  the  l  ilioralory 
of  Nature  could  have  been  eo  prolific  in  the  rre  ition  dl  new  and  rare 
compounds.  Had  Vesavius  been  a  vokano  of  high  aaliquity,  formed 
when  Natore 

Watiiuu  d  as  id  ber  prime,  and  played  at  will 
iler  virgin  fancies, 

it  would  bava  been  laadily  admitted  that  tfaaset  or  a  mueb  greater  vailely 

•  l>aTibcny  on  Volcanoe,  p  ir»0. 
1  Scropo,  Grol.  Trans  .     cond  «<»rieB.  vol.  ii.  p.  340. 
\  MonticelU  aaU  OovcUi,  Frodom.  della  Mineral*  VesuT. 
Vol.  I.— 3  Q 
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of  tnbttanettt  had  been  tubliined  in  the  ererieM  of  ltv«,  jusi  m  Mvetal 
sew  mrthy  and  netallk  oompNinds  are  known  to  have  been  ptodyced  hj 

fnmeroles,  since  the  eruption  of  1828*  But  a  violent  hypothesis  appears 
to  have  been  resorted  to,  in  order  to  explain  away  facts  which  would 
imply  the  unimpaired  energy  of  reproductive  causes  in  our  own  times. 

FornialtOii  of  7vffs. — The  above  remarks  apply  simply  to  the  &iruc- 
tTire  of  the  cone;  but  a  small  part  only  of  the  ejected  matter  remains  so 
ne;ir  to  the  volcanic  orifice.  A  larcre  portion  of  sand  and  scorut*  is  borne 
by  the  winds  and  scattered  over  the  surrounding  plains:  part  falls  into 
the  aea;  and  still  more  is  swept  down  by  torrents  into  the  deep,  during 
the  interrala,  often  protracted  for  many  eenturiest  between  eruptions. 
In  this  case  horizontal  dcpoaits  of  tufaceous  matter  become  intermixed 
with  other  kinds  of  aediment,  and  with  shells  and  coralst  ao  that  rocks  of 
a  mixed  ehancler  are  foraiad«  aneh  as  toffs,  peperinost  and  voloanie 
oonglonieratea. 

Flowing  <^  Ueoa  under  footer.— Some  of  the  la?aa,  elao*  of  Veaaviua 
leaeh  the  aea,  aa  do  those  of  almoat  all  Toleanoa ;  aince  they  ana  geiie- 
rally  in  ialands,  or  bordering  the  coast.  Here  they  find  a  bottom,  oAen 
levelled  by  operationa  analagoua  to  thoae  which  form  deltas ;  ao  that 

instead  of  being  highly  inclined,  as  around  the  cone,  or  in  narrow  bands, 
as  in  a  ralley,  they  may  spread  out  in  broad  horizontal  sheets.  It  is  not 
•  improbable,  as  Dr.  Daubeny  has  suggested,  ihai  they  retain  their  fluidity 
for  a  consideral  h  ume  longer  beneath  the  sea  than  in  the  ojx  n  ;ur  ;  lur 
the  rapidity  with  which  heated  bodies  are  cooled  bv  beuitr  iilungfcd  uiio 
water  arises  chiefly  from  the  conversion  of  the  lower  portions  of  water 
into  stcnm,  which  steam,  absorbirif^  much  heat,  immediately  ascends,  and 
is  reconvened  into  water.  But  under  the  pressure  of  an  ocean  sufficiently 
deep  to  prevent  the  formation  of  steam,  the  heat  of  the  lava  would  be 
<»rried  off  more  slowly,  and  only  by  the  circulation  of  aaoending  and 
deacending  currents  of  water,  thoae  poriiona  nearest  the  source  of  heat 
beooming  specifically  lighter,  and  consequently  displacing  the  water 
above.  This  kind  of  circulation  would  take  place  with  much  Icae 
rapidity  than  in. the  atmoaphere,  inasmuch  as  the  ezpanaion  of  water  by 
equal  increments  of  heat  ia  less  considerable  than  that  of  air.* 

FlUeaaie  olhfvitmis.— In  addition  to  the  ctjeetiona  which  fall  on  the 
cone,  and  that  much  greater  roaaa  which  finds  its  way  gradoally  to  the 
neighbouring  sea,  there  is  a  third  portion,  often  of  no  inconsiderable 
thiclcneas,  composed  of  allnviums,  spread  over  tfie  Talleys  and  plains  at 
small  distances  from  the  volcano.  Aqueous  vapours  are  evolved  copiously 
from  a  crater  during  eruptions,  and  often  for  a  long  time  subsequently  to 
the  discharge  of  scoriJe  and  lava  :  these  vapours  are  condensed  in  the 
cold  atmosphere  surrounding  the  high  volcanic  peak,  and  heavy  rains  are 

*  See  Dftabeny*B  VoIoaiNS,  p.  400. 
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thus  etased  in  eomilriet  where,  et  the  flame  eeatoo  and  under  ordinary 

elreamstances,  tueh  a  phenomenon  is  entirely  unknown.  The  flood* 
thus  occasioned  sweep  along  the  impalpable  chuit  and  light  scori^r,  till  a 
current  of  iiiuil  m  producetl,  which  is  called,  iii  Campania,  "  lava  d'  ttc- 
qua,'*  atid  is  often  more  dreaded  thau  an  igneous  stream  (lava  di  fuoco), 
from  the  greater  velocity  ^vu}l  wliich  it  moves.  So  late  as  the  27lh  of 
O'  lobcr,  1822,  one  of  these  alluviums  descended  the  cone  of  Vpsuviiis, 
and,  after  overspreadmg  much  cultivated  soil,  flowed  suddenly  into  the 
▼illagee  af  St.  Sebastian  and  Massa,  where,  filling  the  streets  and  interior 
of  aome  of  the  hoaaes,  it  suffocated  seven  persons.  It  will  therefore  hap- 
pen very  frequently,  that,  towards  the  baae  of  a  volcanie  cone,  allemationa 
will  be  found  of  lata,  aUuvium,  and  showers  of  ashes. 

AioMg  efwdoping  HeretUanium  and  Pompcti.—- To  which  of  theae  two 
ktter  divtsiona  the  masa  enveloping  Hereulaneuu  and  Pompeii  should  be 
referred*  has  been  a  question  of  the  keenest  eontroveray  j  but  the  discus^ 
sion  might  have  been  shortened,  if  the  combatanta  had  reflected  that, 
whether  volcanic  aand  and  ashes  were  conveyed  to  the  towns  by  running 
water,  or  through  the  air,  during  an  eruption^  the  interior  of  buildings,  so 
long  as  the  ipofii  remain  entire,  together  with  all  underground  vaults  and 
cellars,  could  be  filled  only  by  an  alluvium.  We  learn  from  history,  that 
a  heavy  shower  of  sand,  pumice,  and  lapilla,  sufiicieully  great  to  render 
Pompeii  and  Herculaneum  uninhabitable,  fell  for  eight  successive  days 
and  nights  in  the  year  79,  accompanied  by  violent  rain?*.  We  ougfit, 
therefore,  to  fiml  a  very  close  resemblance  between  ilie  strata  covering 
these  towns,  nnd  iliose  composing  the  minor  cones  of  the  Phlegrajan 
Fields,  accumulated  rapidly,  like  Monte  Nuovo,  during  a  continued 
shower  of  ejected  matter;  with  this  difference,  however,  that  the  strata 
ineambent  on  the  cities  would  be  horizontal,  whereas  those  in  the  cones 
are  highly  inclined,  and  that  large  angular  fragments  of  rock,  which  are 
thrown  out  near  the  vent,  would  be  wanting  at  a  distance,  where  small 
lapiUi  only  can  be  found.  Accordingly,  with  these  exceptions,  no  identity 
can  be  more  perfect  than  the  form  and  distribution  of  the  matter  at  the 
base  of  Monte  Nuovo,  as  laid  open  by  the  encroaching  sea,  and  the 
appemnce  of  the  beds  superimposed  on  Pompeii*  That  city  is  covered  .  , 
with  numerous  alternations  of  different  horizontal  beds  of  tuff  and  lapilli,  ^ 
for  the  most  pert  thin,  and  subdivided  into  very  fine  layers.  I  observed  / 
the  following  section  near  the  Amphitheatre,  in  November,  1828— (des- 
cending series). 

1.  Black  sparklin?'  sand  from  the  eniption  of  containing  nii> 

nute  regularly  formed  crystals  of  augile  and  toarmalioe,  from         S  to  3* 

*  The  great  eraptioii,  in  18G8,  caused  a  covering  only  a  Ibw  ioehes  thick  en  Foni- 
^it.  Several  feel  are  mentioned  bj  Mr.  Forbes.— £d.  Joura.  of  Soieaoe,  Nob  six. 
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2.  Vegetable  mould  -      •  30 

3b  Brown  incnluTc  nt  tutf,  full  of  pisolitic  gloMe»'mlMfkr»pfxomhMif 

an  inch  to  ihrrp  inches  in  thickness  -  »  -  -  -  •  I  6 
4.  Small  scora;  and  while  lapilli  .--►•••03 

6.  Brown  earthy  tuff,  with  numerous  pisolitic  globules  -  •  •09 
6^  9towm  tBxthy  tuff,  with  lapilU  divided  into  h>jm   -     -     -     4  0 

7.  lAjer«rwliitidilapim  0  1 

8.  Gfftj  mImI  toff  03 

9.  Pomice  and  whito  kpllli  OS 


10  4 


Many  of  the  ashes  in  these  beds  are  vitrified  and  harsh  to  the  toaeh. 

Crystals  of  leticite,  both  fresh  and  farinaceous,  Iiave  been  fonnd  inter- 
mixeil.*  The  depth  of"  the  hcil  of  :i.shes  above  the  houses  is  variable,  but 
seldom  exceeds  twelve  or  fuur'ceii  feet,  and  ii  said  that  the  higlier  part 
of  the  Aiiipliiihcaire  always  j)roj('(Med  above  the  surface;  though,  if  this 
were  the  case,  it  seems  inexplicable  that  the  city  should  never  have  been 
discovered  till  the  year  1750.  It  will  be  observed,  in  the  above  section, 
that  two  of  the  biowii  half-consolidated  ttilfs  are  liilcd  wi'h  ^rnall  pi'-oliiic 
globides.  It  is  surprising  thai  this  circumstance  is  not  ailuded  lo  tn  llie 
animated  controversy  which  the  Koyal  Academy  of  Naples  maiutaiaed 
with  one  of  their  members,  Signor  Lippi,  aa  to  the  origin  of  the  strata 
incumbent  on  Pompeii.  The  mode  of  aggregation  of  these  globules  has 
he%n  fully  explained  l)y  Mr.  Scrope,  who  saw  then  formed  in  great  num- 
bers, in  1822,  by  rain  falling  during  the  eruption  on  fine  volcanic  sand, 
and  sometimes  also  produced  like  hail  in  the  air,  by  the  mntoal  atiractioa 
of  the  minutest  particles  of  fine  damp  sand.  Their  occurtence,  tbev^ 
fore,  agrees  remarkably  well  with  the  account  of  heavy  rain,  and  showers 
of  aand  and  ashes,  recorded  in  history,  and  Is  opposed  to  the  iheoiy  of 
an  alluvium  brought  from  a  distsnce  by  a  flood  of  water. 

Lippi  entitled  his  work,  "  Fh  il  fuoco  o  1*  acqua  che  sotterri  Pompci 
ed  ErcolanoT**t  and  he  contended  that  neither  were  the  two  citiet 
destroyed  in  the  year  70,  nor  by  a  volcanic  eruption,  but  purely  by  tha 
agency  of  water  charged  with  transported  matter.  His  Letters,  wherein 
he  endeavoured  to  dispense,  as  far  as  possible,  with  igneous  afifency,  even 
at  the  fool  of  the  volcano,  were  iledicaled,  w  iili  great  propriety,  to  Werner, 
and  allbrd  an  amusing  illustration  of  the  polemic  htyk  in  which  geo- 


p.  131.  Jan.  1829.  But  he  mast  have  measured  in  spot«  wheie  it  had  dril\ed.  The 
dsrt  «ad  tskss  vers  ftvs  leet  tbiok  at  the  top  of  the  onUer,  and  dteieaMd  gradaaOy 
to  tea  Intthes  at  Tom  del  AnaiiBsiata.  The  iiaa  and  weight  of  the  ejected  fn^ • 
saenfe  diminiahed  very  legofaurly  in  the  wmm  oonlintioae  atiatam,  as  the  dlitinsi 
ftom  the  centre  of  projection  was  greater. 
•  Foi^,  ibid.  p.  190.  t  Mapolt,  me. 
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logical  wiiM  of  that  day  indulged  thamtalfaa,   Hia  aiKumaota  warn 
partljr  of  an  hlttorieal  natniOt  darifod  from  the  atlaoea  of  contemporary 
hlotoriaoa,  mpaotiag  the  hum  of  tha  cities  which,  as  we  have  already 
•telad,  ia  iMal  ramarkalila,  and  partly  drawn  from  physical  proofs.  He 
pointed  out  with  great  clearness  the  reseniblauce  of  the  iiifuccous  matter 
in  the  vaults  and  cellar»  at  ikrculancum  and  Pompeii  to  aqueous  allu- 
viums, uiiJ  its  distinctness  from  ejections  which  had  fallen  liirougli  the 
air.    Nothing,  he  observed,  but  moist  pasty  matte  r  (nuld  have  received 
the  iiiiprti..-io[i  of  a  woman's  breasi,  ^vliicli  was  found  in  a  vauh  at  1*<hii- 
peii,  or  ha\c  given  liie  cast  of  a  statue  discovered  in  tho  theatre  at  iler- 
cuianeum.    It  was  objected  to  him,  that  the  heat  of  the  luff  in  Hercula- 
neum  and  Pompeii  was  proved  by  the  carbonization  of  the  timber,  corn» 
papyrus-rolls,  and  other  vefCtaUa  autMtances  there  discovered:  but  Lippi  . 
lOfdiaii  with  troth,  that  the  papyri  would  have  been  burnt  up,  if  they  bad 
CODO  In  contact  with  ftic,  and  that  lhair  bclof  only  carbonized  was  n 
cknr  daoKmatration  of  tbair  having  bean  enrelopad,  like  fotail  wood»  in  a 
aodioMOt  dapMttad  fram  watar.  Tho  Acidcniicianit  an  their  lapoit  on 
Ua  pamphlcti  aaaort»  that  whan  the  Amphidieatra  waa  firat  daarad  onl» 
tho  aatiar  waa  anangad,  on  tho  atapa,  in  a  SQaoeaaion  of  concave  layarat 
neconaiodaling  thomailvca  to  the  intarior  Ibna  of  tho  hoUding,  juat  ao 
anow  woold  lie  If  it  had  fiilicn  there.  Thii  obaerfation  ia  highly  inlar* 
eating,  and  poinia  to  the  diffemco  batwocn  the  aliatification  of  aahai  in 
on  open  hoHding,  and  of  nnid  derived  from  the  aame  in  the  interior  of 
edtfteee  and  cellars.    Nor  ought  we  to  call  the  allegation  in  question, 
because  it  could  not  be  substantiated  at  the  time  of  the  controversy,  after 
the  matter  had  been  all  removed  ;  although  Lippi  took  advajitage  of  this 
removal,  and  met  the  argument  of  his  antagonists  by  rcc^uiring  iheiti  to 
prove  the  fact. 

i*vu]jii  il  not  deslrinjPil  by  lava.—'Vhvw  \>  (I(  (  isivt;  eviilence  llial  no 
stream  of  lava  has  ever  reached  Pompeii  since  it  was  first  built,  ailhough 
the  foundations  of  the  lown  stand  upon  the  old  leucitic  lava  of  Somma; 
aovoial  atreams  of  which,  with  loff  interposed,  have  been  cut  through  ia 
adcavations.  At  Ilerculaneum  the  case  ia  different,  although  tho  sub- 
alance  which  tills  the  interior  of  the  houses  and  the  vaults  must  have 
hccn  introduced  in  aetata  of  mnd*  like  that  found  in  similar  sitoations  in 
Fompeii;  yet  the  eoperincumbeot  mase  diflera  wholly  in  conipoaitioo 
and  ihickncie.  Horcnlanaan  waa  altnatcd  laversl  miica  nearer  lo  the 
volcano*  and  haa^  thcfefoio*  hccn  alwaya  mora  expoied  to  be  covered* 
not  only  hy  ahowera  of  aahei,  hot  hy  alloviama  and  ctreanu  of  lava. 
Accordingly,  maaaea  of  boih  hava  accnmulated  on  each  other  above  tho 
city,  to  a  depth  of  nowhere  leaa  than  70*  and  in  maiiy  plaeea  of  112 
flmt.* 

•  Htttaion,  Obisnr.  oa  Mooat  Vesavios*  p.  84.  Londoa,  1774. 
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nio  ashes,  mixed  with  pumice.  A  mask  imbedded  in  this  Mirbr  km 
left  a  cast,  liie  sharpness  of  whieh  was  compared  by  Hamilton  to  those 
in  plaiiter  of  Paris;  nor  uas  liie  mask  in  ilie  least  tiegrt^**  scorched,  as  if 
it  had  been  imbedded  in  heated  maiur.  This  tuff  is  porous;  and,  wln^a 
first  excavated,  is  soft  and  easily  worked,  but  acquires  a  considerable 
degree  of  induration  on  rxptisure  to  ihc  air.  Above  ilus  lowest  slrahim 
is  placed,  according  lo  Hjitmlioii,  the  matter  of  six  eruplwus,''  each 
separated  from  the  oilier  by  veins  of  gmnl  soil.  In  these  soils  Lippi 
states  that  he  coiiected  a  considerable  number  of  iand  aheils — an  ob«erT»- 
tkm  which  it  no  doubt  oorreci;  for  many  snails  burrow  in  soft  soils,  and 
MMM  ItaiiMi  epeeies  deeetady  whea  Ihey  hybernate,  to  the  depth  of  iie 
feet  and  mora  (torn  the  mrfaec.  Delia  Tom  alto  infomifl  us  that  thaw 
ie  in  one  pan  of  thla  aqperuipoeed  aiaae  t  had  of  tine  tilieeotts  lava 
(itnm  di  fiUtra  iwra)  i  Md  aa  ao  aoch  eonent  is  hdioTed  la  have  flavad 
UU  near  1000  yeaia  after  the  deemetion  ef  Heiciilanetioi«  we  naal  eaa* 
elude,  that  the  origia  of  a  taifa  part  of  the  eovartag  of  Hereolaaeaai  waa 
loflgaabieqaeiKiothe  fliat  uihaaiatiOB  of  the  plaae.  Thaleity,  aa  wall 
ae  Poaipeii,  waa  a  aeaport.  Hereabaeaai  ia  atltt  fwy  oaar  tlie  ahaia^ 
hot  a  tract  of  laod,  a  oiUe  ia  length,  iularvenea  between  the  borders  of 
the  Bay  of  Naples  and  Pompeii.  In  both  eaaea  the  gain  of  laadia  daa  la 
the  fillinsf  up  of  the  bed  of  the  sea  with  volcanic  matter,  and  not  to  eleva* 
lion  by  earihquakes,  fur  ihere  has  been  no  change  in  the  relative  level  of 
land  aud  sea.  Pompeii  siooci  on  a  slight  eminence  roiuposed  of  the  lavaj 
of  the  ancient  Vesia  iu.H,  and  fliffhta  of  steps  ieii  down  to  the  water's  edge. 
Tiie  lowermost  of  these  fiieps  are  said  to  be  stiil  on  an  exact  level  with 
the  sea. 

Condition  and  contents  of  the  buried  cities. — After  these  observations 
on  the  nature  of  the  strata  enveloping  and  surrounding  the  cities,  we  may 
proceed  to  consider  their  internal  condition  and  contents,  so  far  at  least  as 
they  offer  facts  of  geological  interest.  Notwithatanditig  the  much  greaur 
depth  at  whIeh  Herculaneum  waa  haried,  it  was  diaoovered  befinre  Pom- 
peii, by  the  aoeidantal  cireamatanee  of  a  well  bet^g  auak,  in  17t9t  whieh 
eame  right  dowo  apon  the  theatre,  whers  the  alalaea  of  Herenlea  aad 
Cleopatra  were  aoon  found.  Whether  thia  city  or  PoMpeii,  both  of 
them  fannded  by  Greek  eoloniee,  waa  the  anat  eoaaideniUe,  ia  not  yet 
deienained ;  but  both  an  meatiooed  by  aoeient  auihoia  aa  amoaf  the 
aeren  moat  floariahiog  eitiea  in  Campania.  The  walla  of  Pompea  warn 
thtee  mllee  in  eircamferanee ;  but  we  have,  aa  yet,  no  eertaia  koowled^ 
of  the  dtmenaions  of  Heroolaneom*  In  the  latter  place  the  theatre  alone 
is  open  for  inspection ;  the  Fonim,  Temple  of  Jupiter,  and  other  build- 
ings, hnviiifj  been  fiHcd  up  with  rubbish  as  the  \^urlvtiicii  proceeded, 
owing  lu  liie  ditlicully  of  removing  it  fr  Mu  &m  gieat  a  dt  j/di  below  ground. 
Kveti  the  theatre  is  only  seen  by  lurciilight,  and  the  most  iniecesiiiig 
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informntion,  perhaps,  which  the  geologist  obtains  there,  is  the  continual 
formaUuji  of  stalactite  in  the  galleries  cut  tliruugh  the  lull  ;  for  there  is  a 
constant  percolniii)ii  of  w;iu  r  charL't  d  wiih  carbonate  of  linie  mixed  with 
1  fiaiail  porti-m  of  inaL^ncsia.  Such  mineral  walersi  ihu^i,  in  the  course  of 
time,  creaie  great  changes  in  manv  rocks,  cspicinllv  in  lavas,  the  pores 
of  which  they  may  fill  with  calcareous  spar,  so  as  to  convert  them  into 
aioygdaioids.  Some  geologists,  therefore,  are  unreasonabie  when  they 
expect  Toleanic  in^eks  of  rMDOta  eras  ahouid  accord  precisely  with  ihose 

modern  date ;  since  it  m  obvioiie  ihat  aiaAy  of  those  prodaeed  in  onr 
own  time  wili  iiei  long  letain  the  etme  espect  and  internal  composition* 

Both  il  Hercnianeuni  and  Pompeii,  temples  have  been  found  with  in- 
•eriptioM  oovmenofaling  the  rebnilding  of  the  edifieee  after  they  had 
been  Uirown  down  by  an  earthqoalie.*  This  earthquake  happened  in  the 
leign  4)€  Neto,  mteen  years  before  the  eiHes  were  oTorwheloied.  In 
Pompeii,  one-fonrth  of  whieh  is  now  laid  open  to  the  day,  botli  llie  pub* 
lie  and  private  buildings  bear  testtmony  to  the  eatastrophe.  The  walls 
are  rent»  and  in  many  plaees  traversed  by  fissures  still  open.  Golnmns 
are  lying  on  the  groond  only  half  hewn  from  huge  blocks  of  travertin, 
and  the  temple  for  which  they  were  designed  is  seen  half  repaired.  In 
some  few  places  the  pavement  had  suiik  in,  bul  iii  general  it  was  undis- 
U  r  ied,  consisting  of  large  irregular  flags  of  lava  joined  neatly  together, 
lii  which  the  carriage-wheels  have  often  worn  ruts  an  inch  and  a-half 
deep.  In  the  wider  streets,  the  ruts  nre  numerous  and  irregular;  in  the 
narrower,  there  are  only  two,  one  on  eacii  side,  which  are  very  conspicu- 
ous. It  is  impossible  not  to  look  with  some  interest  even  on  tiiese  ruls, 
whieh  were  worn  by  chariot-wheels  more  than  seventeen  centuries  ago ; 
and,  independently. of  their  antiquity,  it  is  remarkable  to  see  such  deep 
incisions  so  continuous  in  a  stone  of  great  hardness.  We  obeerve 
nothing  of  the  kind  in  the  oklesi  pavements  of  modem  cities. 

Small  mtmber  pf  tAeteens*— A  very  small  number  of  skeletons  have 
been  discovered  in  either  eity ;  and  it  is  clear  thai  most  of  the  inhabitants 
not  only  found  time  to  escape,  but  also  to  carry  widi  them  the  principal 
part  of  their  valuable  effects.  In  the  barracks  at  Pompeii  were  the  skele« 
tens  of  two  soldiers  chained  to  the  stocks,  and  In  the  vaults  of  a  country* 
home  in  the  snhnibs  wens  die  skeletone  of  seventeen  persons,  who  appear 
to  haw  fled  there  to  escape  from  the  shower  of  ashes.  They  were  found 
inclosed  in  an  indurated  luff,  and  in  this  matrix  was  preserved  a  perfect 
east  of  a  womau,  perhaps  the  mistress  of  the  house,  wiiii  an  infant  in  her 
arm5.  Although  her  form  was  imprinted  on  the  rock,  noiiun?  but  tho 
bones  remained.  To  these  a  chum  ol  gold  was  suspended,  and  on  the 
fingers  of  the  skeleion  were  rings  with  jewels.  Aganisl  the  sides  of  the 
same  vault  was  ranged  a  long  line  of  earthen  amphone. 

The  writings  scribbled  by  the  soldiers  on  the  walls  of  their  barracks, 

*  Swinburne  aaU  Lalande.    Paderni,  Phil.  Traiu.,  voL  1.  p.  619.  1758. 
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and  the  mmM  of  the  owaen  of  eeefa  faottie  written  om  the  doott»  aM 
etill  perfectly  legible.  The  ooloan  of  fraeeo  |Hdnting9  on  the  eineeeeJ 
weUt  in  the  inlerior  of  buildings  are  ahnoei  ee  virid  ee  if  they  wm  joeC 
finlthed.  Tbeie  eie  pohiie  finuitiiae  deeonded  with  eheUe  Uid  eol  in 

patterns,  in  the  same  fa^ion  m  thoie  now  seen  in  the  town  of  Naples ; 
and  in  the  room  of  a  painter,  who  was  perhaps  a  naturalist,  a  large  lol- 
lection  of  shells  was  found,  comprising  a  i;icai  variety  of  Mediterranean 
species,  in  as  good  a  state  of  jirt  .-n  vauoii  as  if  ihev  had  remained  for  the 
same  number  of  years  in  a  museum.  A  comj>:iri-(in  of  these  remains 
with  those  f<ni:ul  >o  ffcnerally  in  n  lobejl  slate,  wtiuld  not  assis.i  us  in  ob- 
taining the  least  ]  isil:!iI  into  ilie  tune  required  to  prudure  a  certain  de- 
gree of  decomposition  or  mineralization  ;  for,  although  under  favourahle 
circumstances,  much  greater  alteration  might  doubtless  have  been  brought 
about  in  a  shorter  period,  yet  the  example  before  us  shows  that  an  inhu* 
nation  of  seventeen  centuries  may  sometimes  efied  nothing  towards  the 
reduction  of  shells  to  the  state  in  wbiob  fossils  are  oeoaUy  found. 

The  wooden  beams  in  the  houses  at  UerealaneDm  are  Uaek  on  the 
ezterioTt  bet  when  cleft  open  they  appear  to  be  ahnoet  in  the  eteia  of  ee- 
dinary  wood,  and  the  progrees  made  by  the  whole  mass  ftDwanle  the  eMe 
of  lignite  is  searoely  appraeiable.  Some  animal  and  vifetable  enfaeteneae 
of  more  perishable  kinds  have  of  conrse  eoiieied  much  efaange  and  dee^y» 
yet  the  atate  of  coneenration  of  these  ie  truly  mmaritable.  FishinfHMli 
are  very  abondant  in  both  eities,  oAen  qnile  entire;  and  their  number  al 
Pompeii  is  the  more  iniereeting  from  ,the  sea  being  now,  ee  we  etated,  a 
laile  distant.  Linen  has  been  found  at  Heienlaneum,  with  the  texture 
well  defined;  and  in  a  fruiterer's  shop  in  that  city  were  discovered  veftseb 
full  of  almonds,  clicslnuls,  wahuits,  and  fruit  of  the  carubiere,'*  all  du- 
tinclly  recognisable  from  their  sha]»e.  A  ioal,  also,  still  retaining  its 
form,  was  fonud  in  a  baker's  shop,  with  his  name  stamped  upon  it.  Oa 
the  counter  of  an  apothecary  was  a  box  of  pills  converted  luio  a  iioe 
earthy  substance  ;  and  by  the  side  of  it  a  small  cylindrical  roll,  evidently 
prepared  to  be  cut  into  pills.  By  the  side  of  tliese  was  a  jar  containing 
medicinal  herbs,  la  1827,  moist  olives  were  found  in  a  square  glass 
case,  and  caviare,"  or  roe  of  a  fish,  in  a  state  of  wonderful  preservation. 
An  examination  of  these  eurioos  eondiments  has  been  published  by  Go* 
▼elli,  of  Naples,  and  they  are  preserted  hermetieally  sealed  in  the  mn- 
seum  there* 

i'(^pyri.— There  is  a  marked  difference  in  jthe  condition  and  appear* 
anee  of  the  animal  and  vegetable  enbetanees  found  in  Pompeii  and  Her- 
culaneum ;  those  of  Pompeii  being  penetrated  by  a  gmy  pnlvemlent  tnff, 
those  in  Ileroulaneum  seeming  to  ha?e  been  first  eneeloped  by  a  pesle 
whieh  eonsolidaled  round  themi  and  then  ellowed  them  to  beeome  eiowly 
earboniaed.  Some  of  the  rolls  of  pap^Tus  at  Pompeii  eiill  retain  theif 

*  Mr.  Forbes,  Edia.  hmm,  of  8ei.,  No.  zix.  p.  UO.  Jan.  IBUk 


Digitized  by  Gopgle  ', 


Cik.  Xl.J 


Ibm;  ht the  witeg»  mi ia jaad  iliiwwl itt ikf$ tiftiMt  Miltpr,  appen 
to  hM,w  vHMMt  »id  to  hivtt  hem  itplmd  Igr  voliMM  loff  mwwhal 
polmnknit.  At  HereobMiiiii  the  Mrthy  nMltor  hit  Mreely  mr  pene* 
tniad;  tnd  the  yegelable  substaoce  of  the  papyrus  haa  become  a  thin 
friable  black  matter,  alinot<t  resembling  in  appearance  the  Undui  wliich 
remains  when  suii  paper  hu.s  been  burnt,  in  whicli  Uic  U  uers  may  tjiiJl 
be  soaieLiiiiett  traced.  The  small  t>umllt'=^  df  pap)n,  uoiiipuscd  of  five  or 
six  rolls  tied  up  together,  had  suaieUiueb  laui  liorizontallyf  and  were 
preastd  in  that  direction,  Imt  sometimes  they  had  been  placed  in  a  verii- 
eal  position.  Small  lickels  were  attached  to  each  bundle,  on  which  the 
title  of  the  work  wns  inscribed.  In  one  rase  only  have  ilie  nheels  been 
found  with  writing  on  both  sides  of  the  pages.  So  numerous  are  the  ob- 
lilivations  and  conecUont,  that  many  must  have  been  original  manu- 
■oriptfl.  The  variety  of  haiid*wriiMfi  it  quite  extraordioAry :  neuly  lU 
are  written  in  Qreek,  but  there  are  a  few  in  littin.  They  were  almost 
•U  fomd  in  a  suburban  villa,  in  the  library  of  one  private  individnal »  and 
lbs  lillM  of  tar  hmdfMl  ol  tboM  Umn  iiyartd,  whkli  have  been  read* 
wm  taad  to  W  aaiaipMat  woika,  bal  all  eatiiily  mw,  chMj  mbiiag 
l»  mnmtt  ilietonB»  nd  aookirjr.  Thm  m  ivo  toIum  «f  Epienmt 

Oa  Nsmpiy"  tnd  tbt  «UMi  m  motAj  by  wrilMi  of  th*  nna  aehooU 
mUf  mm  in^fomi  btfiaf  btan  diaaofited,  by  w  opponani  of  iha  Epi- 
amaaa  ayataoi,  Cbryaippoa.* 

PrMbUity  offiuun  iimmHm  ff  MS9^^  Iho  opinioa  of  toM 
antiquaries,  not  ona  hundradlh  part  of  the  eity  has  yat  baan  ezploiad  | 
and  iho  quarters  hitherto  cleared  out,  at  a  great  expense,  are  those  where 
liicrc  wa&  the  least  probability  of  discuvLrmg  jaanuscripts.  As  Italy 
could  already  boast  her  splendid  Human  amphitheatres  and  (ireek  tem- 
ples, it  was  a  matter  of  secondary  intereai  to  add  to  their  iiuiiibcr  those  in 
the  dark  and  dripping  galleries  of  Herrulaneum ;  and  hnviug  so  many  of 
the  masterpieces  of  ancient  art,  wv  ( oukl  have  (hspfiibcd  with  the  inferior 
busts  and  statues  which  could  alone  have  been  expected  to  reward  our 
laaaawbaa  in  the  ruins  of  a  provineiai  town.  But  from  the  moment  that 
it  was  ascertainad  that  roUa  of  papyrus  presanrad  in  this  oily  aould  still 
ba  daaiphmd,  every  exeftion  ovght  to  have  been  steadily  and  ezclusiva- 
if  direeted  towaida  ibe  diaeovery  of  other  libiariaa,  Fiivata  dwaUinfi 
aboold  hafo  baen  aambad,  balbaaao  moob  laboor  aod  aspanaa  wtie  ao»* 
aomed  ia  azminiiig  pobUe  adiflcaa,  A  amall  portion  of  tbat  saal  aad 
tnllghtanad  aptflt  whieb  prompted  iba  lata  Ffeneh  and  Tuscan  azpaditioa  • 
lo  Eg>'pt  might,  long  era  tbi»»  in  a  country  naafariiona,  bava  anaiebad 
fion  oblifion  aono  of  tba  loat  woiba  of  tha  Angaatan  agOt  or  of  aminant 

•  In  one  rf  the  manascriptfl  which  was  in  the  hands  of  the  intcrprelt'rs  wht^n  I 
visited  the  inuHPuin,  the  author  indnlgt's  in  the  npi^culfitlnn  thnt  nl!  thf  Horn*  rn  per- 
sonages wore  allcj^nrical — that  Agamemnon  was  the  etheri  Achiiles  tlie  *\iXkf  Hekn 
tbe  earth,  Farts  the  air,  Hector  the  tuoon,  4m;. 
Vol.  ]i 
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OiMk  fajslMisiM  and  pbtlo*6pliciB>  A  Rogfe  voU  of  pti^jras  Mrighi  lisvs 
dttelosed  mofe  matler  of  intoM  ioleicst  tbn  all  that  waa  over  wiilM  in 

hieroglyphiea.* 

8iMm^B€n&e9  the  cHiea  alieadv  iiieiitioiied«  flfafaiSf  a  aonll  Iowa 
aboot  six  milea  Irom  Veaovioa,  and  near  cbe  atio  of  tbo  modeni  Caatda 
llaro  (aee  Map  of  Volcanic  Dislriet  of  N aplaa,  fimf  p.  KM,)  waa  ow^ 

whelmed  during  the  eraption  of  79.  Piiny  mentions  that,  when 
linrlc  was  lliere,  he  was  obliged  lo  make  his  escape,  so  irreat  wa*  the 
qtianiity  of  falling  stonei  and  ashes.  In  ihe  ruins  of  Uiis  place  a  few 
skeieions  have  been  found,  buried  in  vol'^anic  ejecuuus,  logetber  wiib  some 
antiquities  of  no  great  value,  and  roUs  of  papyruc,  which,  like  those  of 
Pompeii,  were  illegible. 

7orre  del  Greco  over/lowed  by  lava. — Of  the  towns  hitherto  mentioned, 
Uerculaneum  alone  baa  been  overflowed  hy  a  atieam  of  melted  matter; 
tmt  Ibia  did  not,  aa  we  have  aeeo,  enter  or  injure  the  boildinga  wbicb 
were  previoualjr  enveloped  or  covered  over  witb  tvfi*.  But  burning  toi^ 
rents  have  often  taken  their  courae  tbroagb  the  atreeli  of  Torre  del  Greco, 
and  conaoraed  or  ineloaed  a  large  portion  of  the  town  in  aolid  rock*  It 
aeema  probable  that  the  deatmction  of  three  thooaand  of  Ita  inhabitantay 
in  1631,  which  aome  aecoonta  attribote  to  boiling  water,  waa  prioclpalljr 
doe  to  one  of  those  alluvial  flooda  which  we  before  mentioned :  hut,  in 
1787,  the  lava  ttaelf  flowed  through  the  eaatem  aide  of  the  town,  and 
afterwarda  reached  the  aea;  and,  in  1704,  another  current,  loUing  over 
the  western  aide,  filled  the  atreela  and  houaea,  and  lulled  more  than  four 
hundred  persons.  The  main  street  is  now  quarried  throagh  tltia  lavt, 
which  supplied  building  siones  for  new  houses  erecied  w  Iiere  others  had 
been  annibilaieci.  The  church  was  half  buried  in  a  rocky  mass,  but  the 
upper  portion  served  as  the  foundation  of  a  new  edifice. 

The  number  of  the  population  at  present  is  estimated  al  fifteen  thou- 
sand ;  and  a  saii.sfactory  answer  may  readily  be  returned  lo  those  wlio  in- 
qijire  how  the  inhabitants  can  be  so  "  iiinUciitive  lo  the  voice  of  time 
and  the  warnings  of  nalure,"t  as  to  rebuild  their  dwellings  on  a  spot  so 
often  devastated.  No  neighbouring  site  unoccupied  by  a  town,  or  which 
would  not  be  equally  insecure,  combines  the  same  advantages  of  proximi- 
ty to  the  capital,  to  the  sea,  and  to  the  rich  landa  on  the  Hanks  of  Vesu- 
viuB.   If  the  present  population  were  exiled,  they  would  immediately  be 

•  Dnrinrr  my  stay  at  Nnplos,  hi  IP'S'"!*,  the  Neapolitan  governmpnt,  aflor  haviti;^  dis- 
continued o|K'r:ilions  I'orniany  years,  cleared  oula  small  portion  of  Herculancutn.  near 
the  Ilea,  where  ihe  covering  was  least  tliick.  AAer  this  expense  had  been  iucarred, 
it  was  discovered  that  Uie  whole  of  the  ground  had  been  previously  examined,  near 
•  centufy  before,  by  the  French  Prinee  d^ElbcBof,  who  had  removed  every  Ihm^  of 
value !  Such  is  the  want  of  system  with  which  operatioas  have  always  beea,  and 
■till  are,  earried  on  here,  that  we  may  expect  siouhr  Uunden  to  ii«  ande  coii> 
tinually. 

t  Sir  H.  Davy,  CoosoUtioiM  in  Travel,  p.  66. 
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veplaMd  by  mnotber,  for  the  mnie  ntoa  that  tbe  MmremmA  of  Tosesny 

and  tiie  Campa^na  di  Roma  will  never  be  depopulated,  although  the 

malaria  fever  commilsmore  havoc  in  a  few  years  ihuu  ihe  Vesuviaa  lavas 
in  as  many  ceuiuries.  The  district  around  Aaples  supplies  one,  amongst 
innumerable  examples,  that  those  regions  where  the  surface  is  most 
frequently  renewed,  and  where  the  renovation  is  accompanied,  at  dif- 
fi'vr\]i  intt  rvnl!^  of  time,  by  partial  destru'Uion  of  animal  and  vcgelabie 
lite,  may  neveriUeieM  be  amongst  the  laosi  habitable  aud  delightful  oa  our 
globe. 

1  have  already  made  a  aitnilar  remark  when  apeakiBg  of  tracts  wheva 
•qoeoos  causes  are  now  most  active ;  and  the  observation  applioa  aa  well 
to  parts  of  the  aarface  whieh  are  the  abode  of  aquatic  animals,  as  to  those 
which  support  terreetrial  epeclee.  The  sloping  sides  of  Vesaniie  give 
Aoanshmeiit  lo  a  ▼igoroas  and  healthy  population  of  abovt  eighty  thou* 
,  stand  SDiile;  and  the  surrounding  hills  and  plains,  together  with  several  of 
the  adjolnittg  Islea,  owe  the  fertility  of  their  eott  to  matter  ejeoted  by  piior 
•mpisone*  Had  the  fiindaroeiital  lioeetone  of  the  Apenninee  remaiiied 
vneovered  throughout  the  whole  area,  the  eonntry  oonid  not  have  eon* 
Iniaed  a  twentieth  part  of  its  present  inhabitants.  This  will  be  apptml 
to  every  geologist  who  has  marked  the  change  in  the  agrieulmral  eharae- 
ter  of  the  soil  the  moment  he  has  passed  the  utmost  boundary  of  the  vol- 
canic ejections,  as  when,  for  example,  ai  the  distance  of  alniut  seven 
miles  from  Vesuvius,  he  leaves  the  piam  and  ascends  the  decliviiy  of  the 
Sorrentine  Hills, 

Cowluili/i^  rtiaarka. — Yet,  favoured  as  this  region  has  been  by  Na- 
ture from  limf  iminemorial,  the  sifrns  of  thr  chano^ps  imprinted  on  it 
during-  the  period  liiai  it  has  served  as  tiie  habiiaiion  of  man,  may  appear 
in  after^ages  to  indicate  a  series  of  unparaiieled  disasters.  Let  us  suppose 
that  at  aome  future  time  the  iVfediterranean  should  form  a  gulf  of  the 
great  ocean,  and  that  the  tidal  eorrent  ahould  eneroach  on  the  shores  of 
Campania,  as  it  now  advances  upon  the  eastern  coast  of  England ;  the 
geologist  will  then  behold  the  towns  already  buried,  and  many  more  which 
will  evidently  be  entombed  herealWr,  laid  open  in  the  steep  eliffs,  wlieio 
he  will  disoover  buildings  superimpoeed  above  each  other,  with  thiek  in* 
iBtvoBiog  strata  of  tnflTor  lava-«eome  nnseathed  by  fire,  like  thoee  of  Her- 
eolaaeum  and  Pompeti ;  others  half  melted  down,  as  In  Torre  del  Grseo ; 
and  many  shattered  and  thrown  about  in  strange  eonfusion,  as  in  Triper- 
gola.  Among  the  rains  will  be  aeen  akeletona  of  men,  and  impressions  of 
the  human  form  etamped  in  solid  roeke.  Nor  will  the  signs  of  earth* 
qnakee  bo  wanting.  The  pavement  of  part  of  the  Domitian  Way,  and 
the  Temple  of  the  Nymphs,  submerged  at  \\\^^h  tide,  will  be  uncovered 
at  low  water,  the  columns  remaining  erect  and  uninjured.  Other  temples 
which  had  once  sunk  down,  lilvc  tli:u  of  Serapis,  will  be  found  lu  iiave 
been  upraised  again  by  subsequent  movemi  Mt«.  If  they  who  study  these 
phenomena,  and  speculate  on  their  causes,  asftume  that  there  were  periods 
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when  the  lawi  of  Nature  differed  from  ikom  MtaUiehed  m  tmr  ^mrn 
time,  they  will  scarcely  hesitate  to  refer  the  wonderful  monuments  in 
question  to  ihoje  primeval  neee.  When  they  consider  the  numerooi 
proofs  lit  reileraled  catastro|ihes  to  which  the  region  was  suhjecW  ihej 
may,  pcrhnps,  cofniiiiser;iti'  ilic  unJiaj>j*y  fate  of  beings  condeuined  to  in- 
habit a  j  lani'l  during  us  nascent  and  chaotic  stale,  and  feel  grateful  thai 
their  favoured  race  has  escaped  such  scenes  of  Tinarrhy  nnf]  misrule. 

Yet  what  was  the  real  condition  of  Canijmma  tliujiii^  tiiose  years  of 
dire  convulsion  ?  ^'  A  climate  where  heaven's  breaili  smells  sweet  and 
wooingly^a  vigoviMUi  sad  luxuriant  nature  unparalleled  in  its  productions 
—a  oottl  wbich  was  once  the  fairy  land  of  poets,  and  the  favourit*  ralraat 
•I*  great  men*  Even  the  tyrants  of  the  creation  loved  this  allnring^  region, 
9fm9A  It,  •domed  ii,  lived  in  it,  died  in  it."*  The  inhabitants,  ind«ed» 
hKf  onfjojrad  no  imrauBity  from  the  otiimititt  which  are  tlio  lol  of  wum^ 
kind ;  hmi  tho  prineipol  ovtU  whieh  Ihoy  havo  tofioiod  Moot  be  ittn> 
tated  lo  monl»  nol  to  pli^icoU  oimei  to  diMOtfono  ofuita  ovor  whkli 
m&  niffat  bofo  exoieiied  a  oonlral«  nlliar  thin  to  the  ioovilaUo  €al»> 
tiophoo  whieh  leenlt  ffoa  enblemneen  egencjr.  When  Spertecoe  eft» 
eenpod  hie  mf  of  10,000  fledialofe  in  the  old  eitlMt  emtor  of  Veeo* 
vioi^  the  voIomw  wee  more  justly  e  eolioBl  of  tenor  to  Oewpenie,  thvi  k 
hoe  ofer  been  einee  the  rakiodling  of  in  ftioe» 


CHAPTER  XII. 

XTMA— eKATTAB  JOKVL — JORULLO. 

Catemal  physiognomy  cf  ElUa^LatMal  oonea— Their  socceaai  ve  obUteralioo— EaHy 
emptfaai  of  Btoe— Moea  Rcssi  to  IWO  Oaai  Theme  ef  8.  IJo— IWiMeMf^ 
flawed  hf  1scv»— Evtef  GetaeiedsalTCTed     m.)-*llodBef  edveMof «  emei 

of  lava— Ezcftvatioo  of  a  church  under  Ut* — Bubtsnaaoao  niTrtni  T  iwaii  # 
leetioD  of  conea  formed  in  1811  and  1819 — Flood  prodinoed  in  1755  by  the  mellipg 

of  enow  during  an  emption — A  frlnrior  rovorod  hv  Invn  nn  Ktnn — Volcanic  emp- 
tions  in  Icflnnfi  fp.  Ml.) — New  island  thrown  up  in  1783— Lava  currents  of 
Skaptar  Jokui  in  same  year — Their  iuunoiise  volume^-Kruption  of  Jonillo  in 
Msjdoo  (p»  8l5.)~-Uttixiboldt's  Theory  of  the  convexity  of  the  Plain  of  Malp^ia. 

Eitemal  phyfiiognomy  of  the  cone. — IIavino  entered  in?o  a  dcuiled 
historical  account  of  the  changes  in  the  volcanie  district  round  Naplee»  I 
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■Ul  tB«i«  te  a  mom  mmatf  mumm  to  Mia  «f  tba  diOMMlHMw  of 
ptiaoipal  iuMtl  la  tha  liiatoij  of  olhar  vokaaia  mMoMm*  AlWt  Vo* 
anvioff  avF  naat  aoilMiilw  laoofdi  falala  la  Biim»  wMali  litta  imf  llia 

ae«  in  solitary  grandeur  to  the  height  of  nearly  ll,009feel,*  the  mMS 
Wing  chiefly  composed  of  volcanic  maltor  ejected  above  the  surface  of  the 
water.  The  base  of  the  cone  is  aluioi*t  circular,  ami  t  liiluy-seven  Eng- 
lish miles  in  circumference;  but  if  we  include  the  whole  district  over 
which  its  lavas  extend,  the  circuit  is  probably  twice  that  extent. 

Divided  infn  thrpf  regions. — The  cone  is  divided  by  nature  into  three 
distinct  zones,  ealied  {he  ferlilf,  \\\c  j('Ood>/.  uid  ihe  dcfiert  recrions.  The 
first  of  these,  comprising  the  delightful  country  around  the  skirts  of  the 
mountain,  is  well  cultivated,  thickly  inhabited,  and  covered  with  olives, 
naaa,  coniv  fimit  tiaaii  and  anmiatie  harba.    Higher  ap^  th«  woody 
ivgioo  ancitolaa  Iha  aioanialflh-HHi  axlansive  foiaatt  six  or  aavan  miles  in 
Widllif  atTording  pattaia^e  for  numerous  flocka*   Tba  tiaaa  are  of  vari- 
ova  apaaiea,  tka  abaalaot»  oak,  and  pina  batng  moal  lozoriaiH  i  wkila  la 
aooM  Iraala  ara  grotaa  of  eoik  and  baadi.  Abora  Iha  Ibraat  k  Iha  daaart 
lOfioDt  a  wasla  of  faihiek  lam  and  aooriK ;  wheiOt  on  a  kind  of  plain* 
liaao  Ilia  aoaa  to  Iha  halght  of  aboat  1100  feai,  from  which  anlphntaoua 
vapooia  aia  oanlinodljr  avolvad.  Tha  moal  grand  and  original  faalora  In 
Iha  physiognomy  of  Etta  ia  tka  mnllitnda  of  minor  conea  whieh  aie  dia* 
irihnlad  ovar  ila  Hanka,  and  which  ara  moit  abondant  in  tha  woodjr 
region.  Thaaa,  although  thajr  appear  bat  trifling  irregnlaritiaa  when 
viewed  from  a  distance  as  subordinate  parts  of  so  imposing  and  colossal 
a  mountain,  would,  nevertheless,  be  deemed  hills  of  considerable  altitude 
111  almost  any  oLiier  region. 

Comes  prodtiri  il  Inj  hitn  al  i  i  ujidons. — Without  enumerating  numerous 
monticules  of  a>iu:h  ilirown  out  at  different  points,  there  are  about  eighty 
of  these  secondary  volcanos,  of  considerable  dimensions  ;  filiy-two  on 
the  vvest  nnd  north,  and  twenty-seven  on  enst  side  of  Etna.  One  of 
the  largest,  called  Monte  Minardo,  near  Bronte,  is  upwards  of  700  feet  in 
hf  iirht,  and  a  double  hill  near  Nicoloii*  called  Monti  Rossi,  formed  in 
1609*  if  450  faal  high,  and  the  base  two  miles  in  circumference :  so  that 
it  aomawhat  axaaeda  in  siza  Moota  Nuovo,  befora  deaeribed.  Yal  it 
ranks  only  aa  a  cona  of  the  second  magnitude,  amongst  those  produced 
Y/f  tha  lalatal  amptiona  of  £toa*  On  looking  down  from  tha  lowar  bar* 

*  In  1815,  Captain  Smyth  ascertained,  trigonometricallj,  that  the  height  of  Llua 
was  10|8T4  fttt  Hie  Cataaians,  disappointed  that  their  monotaln  bad  lost  aearlj 
mo  Ibel  ef  the  faiAght  assigned  to  H  by  Baenpeto,  felbaed  to  aMjaiesee  tai  the  deei- 
ate.  AHarwatds,  ia  ISM,  Sir  J.  Ileraehel,  not  beisff  awan  of  Oaplaiii  Smyth's 
conclaaions,  determined,  bj  eafefal  btrooietrieal  measaieoKat,  that  the  height  was 
10,8724  ff  't.  This  8in|rul:ir  agrrecmrnt  of  ro«m1fa  so  diffprently  o!>t:iinod  waB  »pokfn 
of  by  Tlcrschfl  as  "  ;i  h  ippv  rtrrid^nf  ;"  but   Dr   Wol]a«ton  rri;i  irk^ii  thai  "it  WSS 

one  of  thooe  accidents  which  would  not  have  happened  to  two  tools.  ' 
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dm  of  IIm  deiert  fegmt  ibaic  ▼oImm  pmMBt  ns  wiih  one  of  dio  ommI 

delighUid  uid  ehinelerulao  oeoMt  in  Bnropo.  Tktf  affofd  ovory  viiiotf 
of  hdghl  and  olio,  and  aio  airanged  in  boMilUiil  tad  piotanoqiio  groups, 
Howovor  onifofn  tboy  may  appaar  wboa  aaa&  from  Iho  aaa«  or  the  plaiaa 
below,  nothing  oaa  ba  mora  difoiaifiad  than  thair  ahape  whoa  wo  bofc 

from  above  into  their  enlari,  one  tide  of  whieh  is  generally  broken  down. 

There  are,  indeed,  few  objects  in  nature  more  picturesque  than  a  wooded 
volcanic  crater.  The  cones  situated  m  the  higher  parts  of  the  forest 
zone  are  chiefly  <  Inilutl  wiih  iuliy  pines;  while  those  at  a  lower  eleva- 
tion are  adorncii  v\  uh  clieslnuts,  oalis,  beech,  and  liolm. 

Succts^ivp  nfsHfrra! inji  tij  thtae  co/tc«.— The  history  of  the  erupiioa§ 
of  Etna,  imperlect  and  mterrupled  as  it  is,  alVonls,  nevcrtlieless,  a  full 
insiglit  into  the  manner  in  which  the  whole  mouniain  has  successively 
attained  its  present  magnitude  and  internal  structure.  The  principal  cone 
has  more  than  oaoe  fallen  in  and  been  reproduced.  In  1444  ii  was  320 
feet  high,  and  fell  in  after  the  earthquakes  of  1537.  In  the  year  1693, 
whan  a  violent  earthquake  ahook  the  whole  of  Sicily  and  killed  60,000 
persons,  the  cone  loat  so  much  of  its  height,  aaya  Boe^ne,  thai  it  could 
not  be  seen  from  aeveral  piaeea  in  Valdamono,  from  which  it  was  bafoto 
vtaibla.  The  greater  nnmber  of  emptiona  happen  oitber  from  the  graail 
eraier,  or  from  lateral  opantnga  in  lha  daaart  Whan  hiUa  an 

thrown  up  in  the  middle  xone,  and  project  beyond  the  ganenl  lovalt  they 
gradually  kiaa  thair  height  dnri^  aubaequant  emptiona }  lor  when  lava 
rune  down  from  the  upper  parte  of  the  roonntaiat  and  aneoontan  any  of 
theae  hilla,  the  atream  ia  dividod«  and  flowa  ronnd  tbam  ao  aa  to  olavafa 
the  gendy  sloping  gronnda  from  which  they  riae.  In  tbie  manner  a 
deduction  is  often  made  at  once  of  twenty  or  thirty  feet,  or  even  more, 
from  their  height.  Tliuij,  one  of  the  minor  roiu  s,  called  Monte  iVliiso, 
was  diminished  ia  aliitude  by  a  great  lava  sirtam  which  encircled  iL  m 
1444;  and  another  current  has  recently  taken  ilie  same  course— yet  thia 
hill  still  remains  four  (jr  ihi  hundred  feet  high. 

There  is  a  cone  culled  M'>nu;  Nucilla,  near  Nicolo^i,  round  Uic  base  of 
which  several  successive  currents  have  llowed,and  showers  ol  asln  s  have 
fallen,  since  the  time  of  history,  till  at  last,  during  an  eruption  in  1536, 
the  surrounding  plain  was  so  raised,  that  the  top  of  the  cone  alone  was 
left  projecting  above  the  general  level.  Monte  Nero,  ettuated  above  the 
Grottadell*  Capre,  was  in  1766almostsubmeigedby  a  current;  and  Moata 
Capreolo  nfTord(>d,  in  the  year  1(MI9,  a  curiooa  example  of  one  of  the  laat 
Btagca  of  obliteration ;  for  a  lava  atream,  descending  on  a  high  ridgo 
which  had  been  built  np  by  the  continued  anperpoeition  of  anoeaaaifo 
lavaa,  flowed  direcdy  into  tba  crater,  and  nearly  filled  it  The  lava, 
therefore,  of  each  new  lateral  cone  tenda  to  detract  fh>m  the  relative 
height  of  lower  conea  above  their  baae;  ao  that  the  flanka  of  Etnat 
aloping  with  a  gantle  inclination,  envelope  in  anoeeaaion  a  great  mukiluda 
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•f  minor  TotouMMt  while  new  onae  spring  up  fimn  ttoe  to  lime ;  and  ihie 
ham  giten  to  the  older  parta  of  the  mountain*  aaaeen  in  aomeaeetiona,  9000 
or'SOOO  feel  perpcadieular*  a  complex  and  highly  inteieatinf  internal 
•tnietore* 

Early  eruptions  of  Etna. — Etna  appears  to  have  been  in  ariiviLy  lioia 
the  earliest  limes  of  tradition  ;  for  Diodorus  Siculus  mentions  an  eruption 
which  caused  a  district  to  be  deserted  by  the  Sicani  before  the  Trojan 
war.  Thucydides  mrorrns  us,  that  in  tlic  sixth  year  of  the  Pcloponnesian 
war,  or  iii  the  spring  of  the  year  425  «.c.,  a  lava  stream  ravaged  the 
enviiuas  of  Catania,  and  this,  he  says,  was  the  third  erupiioii  which  had 
happened  ia  Sicily  since  the  colonization  of  thai  island  by  the  Greeks.* 
The  second  of  the  three  (  rujiUuns  alluded  to  by  the  historian  took  place 
iti  the  year  475  b.  c,  and  was  that  so  poetically  described  by  Pindar,  iwo 
jeara  afterwards,  in  his  first  Pythian  ode 

'  XmH  tfiMii  •n#sr«* 

In  these  and  the  aeven  Twaes  whtefa^follow,  a  graphic  description  ia 
given  of  £Una,  each  aa  it  appeared  five  centoriea  before  the  Ohriatian  era, 
nnd  aneh  aa  it  hae  been  aeen  when  in  eruption  in  modem  ttmee.  The 
poet  la  only  making  a  paaaing  alluaion  to  the  Sicilian  voleano,  aa  the 
Bonnlain  nader  which  Typheeua  lay  buried,  yet  by  a  few  toochea  of  bla 
maaier  hand  eveiy  atrilung  feature  of  the  ecene  haa  been  faithfully  poiw 
trayed.  We  are  told  of  **  the  anowy  Etna,  the  pillar  of  heaven,— the 
Dniae  of  everksting  froat,  in  whoae  deep  cavema  lie  coneealed  the  finin- 
tatna  of  unapproachable  fire  a  aiream '  of  eddying  ainoke  by  day— n 
bright  and  ruddy  flame  by  night ;  and  burning  rocka  rolled  down  with 
ioud  u{ir(iur  into  the  sea.'* 

Erupiiun  of  IGGO — Monii  Rossi  formed. — The  grc  u  i  rnpuuii  \\  liu;h 
happeued  in  the  year  IQGU  is  the  first  which  claims  jKiriiruUr  allenuon. 
An  earthquake  had  levelled  to  the  ground  all  ihe  ituudei«  iti  iSieolosi,  a 
town  siiinlfd  near  the  lower  margin  of  the  woody  region,  about  twenty 
miles  from  the  summit  of  Etna,  an<l  ten  from  the  sea  at  Catania.  Two 
gulfs  then  opened  near  that  town,  irom  whence  sand  and  scoriae  were 
thrown  op  inanch  quantity,  that,  in  the  course  of  three  or  four  months, 
a  double  cone  was  formed,  called  Monti  Roaai,  about  460  ieet  high.  But 
the  moat  extraordinary  phenomenon  occurred  at  the  commeocemeot  of 
the  convulsion  in  the  plain  of  S.  Lio.   A  fissure  six  feet  broad,  and  of 
nnkoowo  depth,  opened  with  a  loud  enisb,  and  ran  in  a  aomewhat  tor 
tnooa  comae  to  within  a  mile  of  the  aommit  of  Eua.  Ita  direciion  waa 

*  Book  iii.j  at  tiie  end. 
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.Minor  cones  on  the  fianks  of  Etna. 

1.  Monti  Rossi,  near  Nicolosi,  formed  in  IGGU. 

2.  Vainpcluso?* 

from  north  to  south,  and  its  length  twelve  miles.  It  emitted  a  most  vivid 
light.  Five  oilier  parallel  fissures  of  considerable  length  afterwards 
opened  one  after  the  other,  and  emitted  smoke,  and  gave  out  bellowing 
8o«inds  which  were  heard  at  the  distance  of  forty  miles.  This  case  seems 
to  present  the  geologist  with  an  illustration  of  the  manner  in  which  those 
continuous  dikes  of  vertical  porphyry  were  formed  which  are  seen  to 
traverse  some  of  the  older  lavas  of  Etna;  for  the  light  emitted  from  the 
great  rent  of  S.  Lio  appears  to  indicate  that  the  fissure  was  filled  to  a 
certain  height  with  incandescent  lava  probably  to  the  height  of  an  orifice 
not  far  distant  from  Monti  Rossi,  which  at  that  time  opened  and  poured  out 
a  lava  current  When  the  melted  matter  in  such  a  rent  has  cooled,  it  must 
become  a  solid  wall  or  dike,  intersecting  the  older  rocks  of  which  the 
mountain  is  composed. 

The  lava  current  above  alluded  to  soon  reached  in  its  course  a  minor  cone 
called  Mompilicre,  at  the  base  of  which  it  entered  a  subterranean  grotto, 
communicating  with  a  suite  of  those  caverns  which  are  so  common  in  the 
lavas  of  Etna.  Here  it  appears  to  have  melted  down  some  of  the  vaulted 
foundations  of  the  hill,  so  that  the  whole  of  that  cone  became  slightly  de- 
pressed and  traversed  by  numerous  open  fissures. 

Part  of  Catania  destroyed. — The  lava,  aficr  overflowing  fourteen  towns 
and  villages,  some  having  a  population  of  between  3000  and  4000  in- 
habitants, arrived  at  length  at  the  walls  of  Catania.  These  had  been 
purposely  raised  to  protect  the  city  ;  but  the  burning  flood  accumulated 
till  it  rose  to  the  top  of  the  rampart,  wliich  was  sixty  feet  in  height, 
and  then  it  fell  in  a  fiery  cascade  and  overwhelmed  part  of  the  city.  The 

•  The  hill  which  1  have  here  introduced  was  called  by  my  guide  Vampolara, 
but  the  name  given  in  the  text  is  the  nearest  to  this  which  1  find  in  GemmelUro'i 
Catalogue  of  Minor  Cones. 
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wall,  however,  was  not  thrown  down,  but  was  discovered  Ion ^  afterwards, 
bv  excavations  m  ulc  in  iho  rock  bv  the  Prince  of  Biscari  :  so  that  the 
traveller  may  now  see  the  solid  lava  curliag  over  ihe  top  of  the  rampart 
a£  it  still  in  the  vcrv  act  of  fallini:. 

This  great  current  h:ul  iiort'ornied  a  co(ir:>e  of  fifteen  miles  boton^  it 
entered  the  sen,  where  ii  wis  siill  six  hundred  yards  hraad  and  forty 
feet  deep.  It  covered  some  territories  in  the  environs  of  Catania,  which 
had  never  before  been  visited  by  the  lavas  of  Etna.  While  moving  on, 
its  earikee  was  in  general  a  mass  of  solid  rock;  and  it9  mode  of  ad  vane* 
io^,  ss  is  gsvai  with  ls?»  streamf«,  wn<;  by  ihe  oeeasional  fissuring  of  the 
«olid  wsUs.  A  gentleman  of  Catania,  named  PappelsrdOt  desiring  to 
seenro  the  ciij  fitom  the  spproach  of  the  threatening  torrent*  went  ont  with 
a  party  of  fiftj  nwn  whom  he  had  dreased  in  skins  to  pioteet  them  fm 
tiio  heat,  and  armed  with  iron  crows  and  hooks.  Thejr  broke  open  ope 
of  the  aolid  walls  which  flanked  the  eonent  near  Mpasso*  and  immedi« 
Hely  forth  Issoed  a  rimlei  of  melted  matter,  which  took  the  direction  of 
Fatem^ ;  but  the  inhabitants  of  that  town,  being  alarmed  for  their  aifetjr, 
look  np  arms  and  pat  a  stop  to  farther  operations.* 

As  another  iHostratioa  of  the  solidity  of  the  walhi  of  an  adfancing  lava 
stream,  I  may  mention  an  adventure  related  by  Reeapero,  who,  1766, 
had  ascended  a  small  lull  iornied  of  ancient  volcanic  mailer,  to  behold  the 
alow  and  gradual  appri);ic!t  of  a  fiery  current,  two  miles  and  a-half  broad; 
when  suddenly  two  small  threads  of  liquid  matter  issuing  from  a  crevice 
detached  themselves  from  ilic  main  stream,  and  ran  rapidly  towards  llie 
hill.  He  and  his  ^nide  hiid  just  time  to  escape,  when  they  saw  the  hill, 
wlin-h  was  fifty  feet  in  heiulit,  ^nrroinuied,  and  in  a  quarter  of  an  hour 
melted  down  into  the  burning  mass,  so  as  to  flow  on  with  it. 

But  it  must  not  be  supposed  that  this  complete  fusion  of  rocky  matter 
coming  in  contact  with  lava  is  of  universal,  or  even  common,  occurrence. 
It  probably  happens  when  fresh  portions  of  incandescent  matter  come 
successively  in  contact  with  fusible  materials.  In  many  of  the  dikes  which 
intersect  the  toffs  and  lavas  of  Etna,  there  is  scarcely  any  peroeptibie  al> 
teratiott  effected  by  heat  on  the  edges  of  the  horizontai  beds,  in  contact 
with  the  vertical  and  more  crystalline  mass.  On  the  site  of  Bf  omptliere, 
one  of  the  towns  overflowed  in  the  great  eruption  above  described,  an  ex* 
eavation  was  made  in  1704 ;  and  by  immense  labour  (be  workmen  reached, 
at  the  depth  of  thirty-five  feet,  the  gate  of  the  principal  church,  where 
there  were  three  statotes,  held  in  high  veneration*  One  of  these,  together 
with  a  beU,  aome  money,  and  oth€|^  articlea,  were  extracted  in  a  good 
state  of  pfoservation  fhm  beneath  a  great  arch  formed  by  the  lata.  It 
seems  very  extraordinary  that  any  works  of  art,  not  encased  with  tuff, 
like  those  ia  Uerculaneuui,  siiould  have  (escaped  fusion  iu  huUow  spaces 

*  Ferrarai  Descrix.  dell'  Etna,  p.  lOB. 

Vol.  I.^  S 
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left  open  in  this  lava  eanenU  which  wat  lo  hot  at  Catania  eight  year* 

after  it  entered  the  town,  that  it  was  imposuble  to  hoid  thelund  ill  aome 

of  ihe  crevice*. 

Stihterrancdn  caverns  on  Etna, — Mention  was  made  of  llif  tnirance 
oi  a  lava  stream  iiuo  a  sul)t(  rraiiean  grotto,  whereby  the  loutulahons  «»f  a 
hill  were  parlially  umlrnniiu'd.  Such  imderiiround  passages  arc  anumg 
the  moft  rurious  featuies  on  Etn:),  and  appear  to  have  been  prodiicftl  by 
the  hardening  of  the  lava,  during  the  escape  of  great  rolmnes  of  elastic 
fluids,  which  are  often  disciiarged  for  many  days  in  succession,  after  the 
crisis  of  the  eruption  is  oven  ^!ear  Nicolosi,  not  far  from  Monti  Kossi, 
one  of  these  great  openings  may  be  seen,  called  the  Fossa  delh  Palonabst 
62d  feet  in  circumference  at  its  mouth,  and  78  feel  deep.  After  reach- 
ing the  bottom  of  this*  we  enter  another  darl(  cavity,  and  then  others 
ID  succession*  sometimes  descending  precipices  by  means  of  ladders*  At 
length  the  vaults  terminate  in  a  great  gallery  ninety  feet  long,  and  from 
fifteen  lo  fifty  broad,  beyond  which  there  is  sitil  a  passsge,  never  yet  ex- 
plored ;  so  that  the  extent  of  these  caverns  remaina  unknown.*  The 
walls  and  roofs  of  these  great  vaulta  ate  composed  of  rough  and  brtalling 
scoriae,  of  the  most  fantastic  forms. 

£rupiionof  1811. — I  shall  now  proceed  to  offer  some  ohsenrations 
on  the  two  last  eruptions  in  IBll  and  ISiO.f  It  appears,  from  the  rela- 
tion of  Signor  Gemmellaro,  who  witnessed  the  phenomena,  that  the  great 
crater  in  1811  ftrst  testified,  by  its  loud  detonations,  that  the  lava  had 
ascended  lo  near  the  summit  of  the  mountain.  A  violent  shock  was  then 
felt,  and  a  stream  broke  out  fn)aj  the  siik^  of  the  cone,  at  no  great  distance 
from  its  apex.  Shortly  after  this  had  ceased  lo  flow,  a  second  stream 
burst  forth  at  another  opening,  c«ni«iderahly  beU)w  the  Hrsi  ;  theFi  a  liiird 
Fiill  lower,  and  soon  till  seven  dili'erenl  iijsueahad  been  thus  ^ucee^sively 
formed,  nil  lying  upon  the  same  straight  line.  It  has  been  supposed  that 
this  line  was  a  perpendicular  rent  in  the  internal  framework  of  the  moun- 
tain, which  rent  was  probably  not  produced  at  one  shock,  but  prolonged 
successively  downwards,  by  the  lateral  pressure  and  intense  heat  of  the 
internal  column  of  lava,  as  it  subsided  by  gradual  discharge  through  each 
vent-t 

JSnqttim  ^  18l9.~In  1819  three  large  mouths  or  caverns  opened 
very  near  those  which  were  formed  in  the  eruptions  of  181 1,  from  which 
flames,  red-hot  cinders,  and  sand,  were  thrown  up  with  loud  explosions. 
A  few  minutes  afterwards  another  mouth  opened  below,  from  wbiich  flames 
and  smoke  issued;  and  finally  a  fifth,  lower  still,  whence  a  torrent  of 
lava  flowed,  which  spread  itself  with  great  velocity  over  the  deep  and 

*  Ferrara,  Deseria.  dell'  Btna.  PaIermo»  1818. 

t  Since  this  was  written  for  the  firit  edition  of  this  work,  another  eruption  hi* 
occurrrd    In  1832  tlte  lava  flowed  down  on  the  west  side  of  Etna  to  iirithin  two 

miles  ol'  Ikoiite. 

t  Scrope  on  Volcano*,  p.  153. 


Digitized  by  Google 


Ch.lU.]  FLOODS  ON  ETNA.  839      jl^'  * 

broad  falley  ealled  "Vat  del  Bove.*'  This  stream  flowed  two  miles  in  / 
the  first  twenty-foor  hours,  and  nearly  as  far  in  the  suceeeding  day  and 
night.  The  three  original  mouths  at  length  united  into  one  large  craler, 
sod  sent  forth  iava,  as  did  the  inferior  apertures,  so  that  an  enormoon 
torrent  poured  down  the  Val  del  Bove,'*  When  tt  arrived  at  a  vast  and 
dmost  perpendicular  precipice,  at  the  head  of  the  valley  of  Calanna,  it 
poured  over  in  a  cascade,  and,  being  hardened  in  its  ilescent,  made  an 
inconceivable  crash  as  it  was  dashed  as^ainst  the  bottom.  So  immense 
was  the  column  of  dust  raised  by  the  abrasion  of  the  tiifaceous  hill  over 
which  the  fiardened  mass  descended,  that  the  Catani ms  wt  le  in  great 
ilarni,  supposing  a  new  eruptio!i  to  have  hurst  out  in  liie  woody  region, 
exceeding  in  violence  that  near  tite  summit  of  Etna. 

Mode  of  advance  of  the  lava,^0(  the  cones  thrown  up  during  this 
emplion,  not  more  than  two  are  of  sufficient  magnitude  to  be  numbered 
among  those  eighty  which  were  before  described  as  adorning  the  flanks 
of  Etna.  The  surface  of  the  lava  which  deluged  the  Val  del  Bove" 
consists  of  roeky  and  angular  bheke^  tossed  together  in  the  utmost  dis- 
order. Nothing  can  be  more  rugged,  or  more  unlike  the  smooth  and 
eren  superficies  which  those  who  are  unaequainted  with  volcanic  countries 
may  have  pictured  to  themselves,  in  a  mass  of  matter  which  had  consoli- 
dated from  a  liquid  state.  Mr.  Scrope  observed  this  current  in  the  year 
1819,  slowly  advancing  down  a  considerable  slope,  at  the  rate  of  about  a 
jsfd  an  hour,  nine  months  after  its  first  emission.  The  lower  stratum 
bcinor  arrested  by  the  resistance  of  the  ground*  the  upper  or  central  part 
gradually  protruded  itself,  and  being  unsupported,  fell  dow  n.  Tiiis  in  its  ^ 
turn  was  covered  by  a  mass  of  more  liquid  lava,  which  swelUnl  over  it 
from  above.  The  current  had  all  the  appearance  of  a  huge  ficnp  of  rough 
and  larore  cinilt  is  rolling  over  and  over  upon  itself  by  tlie  t  il  -ct  of  an 
extremely  slow  propulsion  from  behind.  'I'he  contraction  of  llie  crust  as 
it  solidified,  and  the  friction  of  the  scoriform  cakes  against  one  another, 
produced  a  crackling  sound.  Within  the  crevices  a  dull  red  heat  might 
be  seen  by  night,  and  vapour  issuing  in  considerable  quantity  was  visible 
by  day.* 

f  Fhod  produced  by  the  melting  of  enow  by  lava. — The  erosive  and 
transporting  power  of  running  water  is  rarely  exerted  on  Etna  with  great 
Ibiee,  the  rain  which  falls  being  immediately  imbibed  by  the  porous  lavas; 
so  that,  vast  as  is  the  extent  of  the  mountain,  it  feeds  only  a  few  small 
rimlets,  and  these,  even,  are  dry  throughout  the  greater  portion  of  the 
year.  The  enormous  rounded  boulders,  therefore,  of  trachyte  and  basalt,  ^ 
a  line  of  which  can  be  traced  from  the  sea,  from  near  Giardini,  by  Mas- 
esli,  and  Zafarana,  to  the  **  Val  del  Bove,"  would  offer  a  perplexing 
problem  to  the  geologist,  if  history  had  not  preserved  the  memorials  of  a 

»  ■ 

*  Bcxope  on  VolcAOM,  p.  102.  '  ^ 
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treiBendotM  flood  which  happened  in  thi«  dielriol  in  the  year  1755.  li 
appeals  Ibat  two  atreaniB  of  lava  flowed  in  that  year,  on  the  2d  of  Mareh* 

from  the  hij^hest  crater:  they  were  immediately  precipitated  upon  an 
enormous  mass  of  snow  which  then  cohered  ihe  whole  niouui  iiii,  nnd 
was  extremely  deep  near  the  iuaunit.  'J'lie  sudden  nieliing  of  this  frozen 
mass,  by  a  fu  ly  torrent  three  juiles  in  length,  produced  a  frightful  ijum- 
dation,  which  devastiited  the  sides  of  the  mountain  for  ei|rht  miles  in 
length,  and  afterwards  covered  the  h)\ver  llanks  of  Etnn,  wliere  they  were 
leHs  steep,  together  willi  the  plains  near  the  eeay  with  great  deposits  of 
sand,  scoriae,  and  blocks  of  lava. 

Mauy  abenrd  atories  circulated  in  Sicily  respecting  this  event,  such  as 
that  the  water  was  boiiingi  and  that  it  was  vomited  from  the  highest 
sraier;  that  it  was  as  salt  as  the  sea,  and  full  of  marine  shells;  but 
tfaeee  were  mere  inTentions,  to  which  Recopeio,  although  he  relaies 
them  as  tales  of  the  monntaineers,  seem  to  have  attached  rather  too  mndi 
importance. 

Floods  of  considerable  violence  have  also  been  produced  on  Etna  by 
the  fall  of  heavy  rains,  aided,  probably,  by  the  melting  of  snow*  By 
this  cause  alone,  in  1761 »  sixty  of  the  inhabitants  of  Acicateoa  were 
killed*  and  many  of  their  houses  swept  away.* 

CrlaeUr  covered  by  a  hva  $iream,^A  remarkable  discovery  was  made 
on  Etna  in  1828  of  a  gi<  at  mass  of  ice,  preserved  for  many  years,  pei^ 
baps  for  cenluries,  from  melting,  by  the  sin^Tular  accident  of  a  current  of 
red-iiot  lava  having  flowed  over  it.  The  following  are  the  facts  in  attesta- 
tion of  a  piienomenoa  winch  must  at  first  sight  appear  of  po  paradoxical 
a  character.  The  extraordinary  hent  cxpt  rieuccd  in  the  suuih  oi  Lurope, 
during  llie  summer  and  autumn  of  lb2b,  caused  the  supplies  of  snow  and 
ice  which  liad  been  preserved  in  the  spring  (  f  tliat  year,  ior  the  use  of 
Catania  and  the  adjoining  parts  of  Sicily  and  ihc  island  of  Malta,  to  fail 
entirely.  Great  distress  was  consequently  felt  for  want  of  a  commodity 
regarded  in  thoee  eountries  as  one  of  the  necessaries  of  life  rather  than  an 
article  of  luxury,  and  the  abundance  of  which  contributes  in  some  of  the 
larger  cities  to  the  salubrity  of  the  water  and  the  general  health  of  the 
Gommunity.  The  magistrates  of  Catania  applied  to  8ignor  M.  Gemmel* 
laro,  in  the  hope  that  his  local  knowledge  of  Etna  might  enable  him  to 
point  out  some  etevtce  or  natural  grotto  on  the  mountain,  where  drift 
snow  was  still  preserved.  Nor  were  they  disappointed ;  for  he  had  long 
suspected  that  a  small  mass  of  perennial  ice  at  the  foot  of  the  highest 
cone  was  part  of  a  large  and  continuous  glacier  covered  by  a  lava  current. 
Having  procured  a  large  body  of  workmen,  he  quarried  into  this  ice,  and 
proved  the  superposition  of  the  lava  for  several  hundred  yards,  so  as 
completely  to  satic>fy  him:>eif  lixai  uuiiuag  but  the  subsequent  flowing  of 

*  Femra,  Deseiis.  ^11'  £ta*,  p.  116. 
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ihe  Itivii  over  the  ice  could  account  for  the  position  of  the  glacier.  Un- 
foriunalely  for  the  grcologi>t,  the  ice  was  so  extremely  haid,  antl  the 
excavation  so  exp€Q;>iv'e,  liiat  there  is  no  piobabiliiy  of  the  operations 
being  renewed. 

On  the  iirst  ol  December,  1828,  I  visited  thia  spot,  which  is  on  the 
south-east  side  of  the  cone,  and  not  far  above  the  Casa  Ing"lese ;  but  the 
freshs  now  had  already  nearly  tilled  up  the  new  opening,  so  that  it  had 
only  the  appeannce  of  tlie  mouth  of  a  grotto.  I  do  not,  however,  quet* 
sion  the  accuracy  of  the  eoDcluaion  of  Signor  Geoimellaro,  who  being  well 
aeqaainted  with  all  the  ap^araitces  of  drift  snow  in  the  fiesiuee  and  cavi- 
ties of  Etna,  had  recognised,  even  before  the  late  excavations,  the  peen* 
liarity  of  the  position  of  the  ice  in  this  locality.  We  may  suppoee  thai 
■t  the  oonmanoeDient  of  the  oraption,  a  deep  roaaa  of  drill  snow  had  been 
covered,  by  volcanic  eand  ehowered  down  upon  it  before  the  descent  of 
the  lava.  A  dense  etralom  of  this  fine  dust  mixed  with  scorits  is  wdl 
known  to  be  an  extremely  bad  condoetor  of  heat ;  and  the  shepherds  in 
Ihe  higher  regions  of  Etna  are  accusiemed  to  provide  water  for  their  flocks 
daring  sommer,  by  strewing  a  layer  of  volcanic  sand  a  few  inches  thick 
over  the  snow,  which  efiectually  prevents  the  heat  of  the  sun  from  pene- 
trating. 

Suppose  the  mass  of  snow  to  have  been  preserved  from  liquefaction 
until  liiti  lower  part  of  the  lava  Ijad  consul  ulatcd,  we  ma)  then  readily  con- 
ceive that  a  glacier  thus  protected,  at  the  height  of  ten  thousand  feet  above 
the  level  of  the  sea,  would  endure  as  long  as  the  snows  ol'  Mont  Blanc, 
unless  melted  by  volcanic  heat  from  below.  When  I  visited  the  great 
crater  in  the  beginning  of  winter  (December  1st,  1828),  I  found  the  cre- 
vices in  the  interior  encrusted  with  thick  ice,  and  in  some  cases  hot  va- 
pours were  actually  streaming  out  between  masses  of  ice  and  the  rqgged 
and  steep  walls  of  the  crater. 

After  the  discovery  of  Signor  Gemmellero,  it  would  not  be  surprising 
to  find  in  the  cones  of  the  IcelaniKe  volcanos,  which  are  covered  for  the 
most  part  with  perpetnsl  snow,  repeated  alternations  of  lava  streams  and 
glaeiers. 

FbSeanie  tn^tUnu  in  /cdSaiMi.^With  the  exception  of  Etna  and  Vcso- 
vius,  the  most  complete  chronological  records  of  a  series  of  emptions  are 
those  of  Iceland ;  for  their  history  reaches  as  far  back  as  tite  ninth  cen- 
tury of  our  era;  and,  from  the  beginning  of  the  twelth  century,  there  is 

clear  evidence  that  during  the  whole  period,  there  has  never  been  an  in- 
terval of  more  than  forty,  and  very  rarely  one  of  twenty  yoars,  without 
either  an  crufiiiun  or  a  great  earihquake.  So  intense  is  the  energy  of  the 
volcanic  ncimn  in  liiis  region,  that  some  eruptions  of  Heela  liavc  lastLtl 
six  years  without  ceasing.  Earthquakes  have  often  skaken  the  whole 
island  at  once,  causing  great  fhaiiiies  in  the  interior,  sucli  as  the  sinking 
down  of  bills,  tho  rending  of  mouuiaitii?,  the  desertiun  by  nvers  of  their 
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chanm  ls,  mid  f!ie  appearance  of  new  lakes.*  New  islands  have  often  beea 
thrown  up  near  the  coast,  some  of  which  stiil  exist,  whtie  Olbers  have  dif- 
appeared,  either  by  subaideacea  or  the  action  of  the  waves. 

In  the  interval  between  eruptions,  innumerable  hot  springs  afford  vent 
to  subterranean  heat,  and  aolfataras  discharge  copious  streams  of  inflam* 
mable  matter.  Tlie  volcanoe  in  different  parts  of  this  island  are  observed, 
like  those  of  the  Pblegnean  Fields,  to  be  in  activity  by  turns,  one  vent 
oilen  serving  for  a  time  as  a  safety-valve  to  the  rest.  Many  cones  are 
often  thrown  up  in  one  eroption,  and  in  this  ease  they  take  a  linear  diree« 
tion,  running  generally  from  north-east  to  south-west,  from  the  north- 
eastern  part  of  the  island,  where  the  Volcano  Krabla  lies,  to  the  promontory 
Reykianas. 

N€W  inland  ihraum  up  in  1788. — ^The  convulsions  of  the  year  1788 

appear  to  have  been  more  tremendous  than  any  recorded  in  the  modern 
annals  of  Iceland  ;  and  the  original  Danish  narrative  of  the  catastrophe, 
drawn  up  in  great  detail,  has  since  been  substunliaied  by  several  Enirlish 
travellers,  parliciilarlv  in  regard  to  the  prodigious  extent  of  country  laid 
waste,  and  the  volume  of  lava  prodnred  t  About  a  month  previous  la 
the  eru[iiu>ii  on  the  main  land,  a  subauumc  volcano  hurst  forth  in  tlie  sea 
in  lat.  03'  25  IS  .,  long.  23°  44'  W.  at  a  distance  of  thirty  miles  in  a  south- 
west direction  from  Cape  Reykianas,  and  ejected  so  much  pumice,  that 
the  ocean  was  covered  with  that  substance  to  the  distance  of  150  miles, 
and  ships  were  considerably  impeded  in  their  course.  A  new  island  was 
thrown  up,  consisting  of  high  cliffs,  within  which  fire,  smoke,  and  pumice 
were  emitted  from  two  or  three  different  points.  This  island  was  claimed 
by  his  Danish  Majesty,  who  denominated  it  NySe,  or  the  New  Island ; 
hot  before  a  year  bad  elapsed,  the  sea  resumad  its  ancient  domain,  and 
nothing  was  left  hut  a  reef  of  rocks  from  five  to  thirty  fathoms  under 
water. 

Great  eruption  Skapi&t  Johd, — ^Earthquakes,  whieh  had  long  been 
felt  in  Iceland,  became  violent  on  the  11th  of  June,  when  Skiptar  Jokul, 
distant  nearly  200  miles  from  Nyiie,  threw  out  a  torrent  of  lavm  which 
flowed  down  into  the  river  Skapta,  and  completely  dried  it  up.  The 

channel  of  the  river  was  between  high  rocks,  in  many  places  from  400 
to  600  feet  in  depth,  and  near  200  in  breadth.    Not  only  did  the  lava  ail 

•  VonHoff;vol.  u.p.m 

i  The  first  narrative  of  the  eruption  was  drawn  up  by  Stephensen,  tlien  Chiaf 

Justice  in  Iceland,  appoinU  d  Commissioner  by  the  King  of  Denmark,  for  estimating 
the  damage  done  to  tlu'  country, that  rrlit-f  mifrht  be  afforded  to  the  sufferers.  Hen- 
derson was  enabl<'d  to  correct  some  <irthe  nieasiireineiits  given  by  Stevenscn,  of  the 
depth,  width,  and  length  of  tlje  kvu  curreiiU,  hy  rtlerence  to  the  MS.  of  Mr.  Paul- 
son, who  visited  the  tract  in  171)4,  and  examined  the  lava  with  attention.  (Juurii<il  of 
a  Reudeace  in  Iceland,  Sec.  p.  289.)  Borne  of  the  principal  ftote  aie  also  conobo- 
fated  hj  Dr.  Hooker,  in  Us  **  Tear  U  Iceland/*  vol.  ii.  p.  198. 
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up  this  great  defile  to  the  brink,  but  it  overflowed  the  adjacent  fields  to  a 
considenible  extent.  'I'lie  burning  flood,  on  issuing;  from  the  confined 
rocky  gorge»  was  Uien  arrested  lor  some  time  by  a  deep  Inko,  which  for- 
neriy  existed  in  the  course  of  the  river,  between  SkapUrdal  and  Aa, 
which  it  entirely  filled.  The  curreiil  then  advanced  tgain,  and  reaching 
some  ancient  lava  full  of  anbterraneout  cavenii>  penetrated  and  melted 
dou  npaitofit;  and  in  some  places,  where  the  stream  could  noi  gain  vent* 
it  blew  up  the  roek«  throwing  fragments  to  the  height  of  more  than  150  * 
feet  On  the  18th  of  June,  another  ejection  of  liquid  lava  tnahed  from 
the  volcano*  which  flowed  down  with  amazing  velocity  over  the  aurface 
of  the  first  stream.  By  the  damming  up  of  the  mouths  of  some  of  the 
tiibalaries  of  the  8kapt&t  many  villages  were  completely  overflowed  with 
waler,  and  thus  great  destruction  of  property  was  caused.  The  lava, 
after  flowing  for  several  days,  was  precipitated  down  a  tremendous  cata- 
ract called  Stapafoss,  where  it  filled  a  profound  abyss,  which  that  great 
waterfall  had  been  hollowing  out  fur  ages,  and,  after  this,  the  fiery  current 
again  couLinaeil  its  course. 

Un  the  3cl  of  August,  Iresli  Hoods  of  hiva  still  pouring  from  the  volcano, 
a  new  briinch  was  sent  of  ia  a  ditltrent  direc  tion  ;  for  the  channel  of  the 
Skr.pia  was  now  so  entirely  choked  up,  and  every  o{)ening  to  tlie  west 
ami  north  so  i)bslructed,  that  the  melted  mailer  was  forced  to  lake  a  new 
course,  so  that  it  ran  in  a  south-east  direclioti,  and  discharged  itself  into 
tJie  bed  of  the  river  Hverfiafiiot,  where  a  scene  of  dosiruciion  scarcely 
inferior  to  tlie  former  was  occasioned.  These  Icelandic  lavas  (like  the 
ancient  streams  which  are  met  with  in  Auvergne,  and  other  provinces  of 
Central  France)  are  atated  by  Stepheosen  to  have  accumulated  to  a  prodi- 
gioQS  depth  in  narrow  rocky  gorges ;  but  when  they  came  to  wide  alluvial 
plains,  they  spread  themselves  out  into  broad  burning  lakes,  uometimet 
horn  twelve  to  fifteen  milea  wide,  and  one  hundred  feet  deep.  When  the 
**fiei7  lake'*  which  filled  up  the  lower  portion  of  the  valley  of  the 
8kapt4  had  been  augmented  by  new  supplies,  the  lava  flowed  up  the 
course  of  the  river  to  the  foot  of  the  hiils  from  whence  tlie  Skapti  takes 
its  riio.  This  aflbnls  a  parallel  case  to  one  which  can  be  shown  to  have 
happened  at  a  remote  era  in  the  vdcanic  region  of  the  Vivarais  in  France, 
where  lava  issued  from  the  cone  of  Thneyts,  and  while  one  branch  ran  'f^ 
duwn,  auoiher  more  powerful  stream  tlowed  up  the  channel  of  the  river 
Ardeche. 

The  sides  of  the  valley  of  the  Skapta  present  superb  ranges  of  basaltic 
columns  of  older  lavas,  rescmblin^^  those  which  are  laid  open  in  the 
▼alleys  descending  Irom  Muni  Dor  in  Auvergne,  where  more  modern  lava 
currents,  on  a  scale  very  inferior  \n  nngniiude  to  those  of  Iceland,  have 
also  usurped  the  beds  of  tlie  existing  rivers,  'i'he  eruption  of  Skapi4r 
Jokol  did  not  entirely  cease  till  tlie  end  of  two  years ;  and  when  Mr. 
Paulson  visited  the  tract  eleven  years  aiierwards,  in  1794,  he  found 
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eohmiTM  of  cmoke  still  ristng  from  pulB  of  the  Ufa,  and  onvwal  rente 
filled  with  hot  water,* 

Although  the  popolation  of  leelaad  was  very  maeh  seatlered,  and  did 
not  exceed  BOtOOO,  no  less  than  twenty  Tillages  were  destroyed,  beeides 
those  inundated  by  water ;  and  more  than  9000  human  beings  perished, 
together  with  an  immense  number  of  cattle,  partly  by  the  depiredations  of 
the  lava,  partly  by  the  noxious  Tapours  which  impregnated  tlie  air,  and, 
in  part,  by  the  famine  eaused  by  showers  of  ashes  throughoQt  the  island, 
and  the  desertion  of  ihc  coasts  by  the  fish. 

Fmrnmse  volume  of  the  lava. — But  the  extranrdinarj'  volume  of  tlie 
melted  matter  produced  in  this  eruption  deserves  the  pnrticular  attention 
of  the  geologist.  Of  the  two  brnnches,  which  flowed  in  nearly  opposite 
directions,  the  jxrealcst  was  fifty,  and  the  lesser  forty  miles  in  lcn?th. 
The  extreme  breadth  which  the  Skaptii  branch  attained  in  tiie  low  coun- 
tries was  from  twelve  to  Af^en  miles,  that  of  the  other  aboutseven.  The 
ordinary  height  of  both  rnrrents  was  100  feet,  bat  in  narrow  defiles  it 
sometimes  amounted  to  000.  A  more  correct  idea  will  be  formed  of  the 
dimensions  of  the  two  streams,  if  we  consider  how  striking  a  feature  they 
would  now  form  in  the  geology  of  England,  had  they  been  poured  out  on 
the  bottom  of  the  sea  after  the  deposition,  and  before  the  elevation  of  our 
aecondary  and  tertiary  rocks*  The  same  causes  which  have  excavated 
valleys  through  parts  of  our  marine  strata,  once  continuous,  might  have 
acted  with  equal  force  on  the  igmnras  rocks,  leaving,  at  the  same  time,  a 
sufficient  portion  nndestroyed  to  enable  us  to  discover  their  former  extent 
Let  us,  then,  imagine,  the  termination  of  the  SkaptA  branch  of  lava  to 
rest  on  the  escarpment  of  the  inferior  and  middle  oolite,  where  it  eom- 
mands  the  vale  of  Gloucester.  The  great  platform  might  be  100  feet 
thick,  and** from  ten  to  fifteen  miles  broad,  exceeding  any  which  can  be 
found  111  Central  France.  We  may  also  suppose  great  tabular  masses  to 
occur  at  intervals,  capping  the  eummit  of  the  Cotswold  Hills  between 
Gloucester  and  Oxford,  by  Northleacli,  liurlord,  uul  oihrr  towns.  The 
wide  valley  of  the  Oxford  clay  would  then  occasion  an  inlerruption  ior 
many  miles;  but  Uie  same  rocks  mlirlu  recur  on  the  summit  of  Cumnor 
and  Shotnver  Hills,  and  all  the  oiliur  oolitic  eminences  ol  that  district.  On 
the  chalk  of  Berkshire,  extensive  plateaus,  six  or  seven  miles  wide, 
would  again  be  formed  ;  and,  lastly,  crowning  the  highest  sands  of  High- 
gate  and  Hampstead,  we  might  behold  some  remnants  of  the  current  500 
or  600  feet  in  thickness,  causing  those  hills  to  rival,  or  even  to  surpssSy 
in  height,  Salisbury  Craigs  and  Arthur's  Seat 

The  distance  between  the  extreme  points  here  indicated  would  not  ex* 
eeed  ninety  miles  in  a  direct  line;  and  we  might  then  add,  at  the  distance 
of  nearly  two  hundred  miles  from  London^  along  the  coast  of  Dorsetshire 

«  Bendenon*!  Joomal,  &e.  p.  298. 


Digitized  by  Google 


Ck.  £&UFTIO^  OF  JOiiUUiO,  A.  D.  1759.  SIS 

and  Devonshire  for  example,  a  great  mass  of  igneous  rocks,  to  represent 
those  of  contemporary  origin,  which  were  produced  beneath  the  level  of 
the  sea,  where  the  island  of  Nyoe  rose  up. 

Vuhime  of  ancient  and  modtrn  Jlows  of  lava  compared ^'—Yet^  gigan- 
tic as  mu*5t  nppcar  the  scale  of  these  modern  volcanic  operations,  we  must 
be  content  to  regard  them  as  perfectly  insignificant  in  comparison  to  cur- 
rents of  primeval  ages,  if  we  embrace  the  theoretical  views  of  some  geolo- 
gists of  great  eeiebrity.  Thus,  we  are  informed  by  Professor  Bfongniarl^ 
in  his  last  work,  that  ^mvol  Ipoqnes  g^ognostiques  anciennes,  tuus  les 
ph^nom^nes  g^ologiqnei  le  passoient  dans  des  dimensions  centuples  da 
ceUee  qn'lls  pr^Mntent  aojonrd*hui.*  Had  Skapt^r  Jokul,  thmfoie«  been 
m  fiQikaiio  of  the  olden  limet  it  would  have  poured  forth  lavas*  at  a  tingle 
erapiion,  a  hundred  times  more  voluminons  than  those  which  were  wit* 
iiaaeed  by  the  present  generation  in  1788.  Bnt  this  can  never  have  been 
intended  bj  M.  Brengniart' ;  for  were  we  lo  mnlli^y  the  two  carrents  be* 
fere  described  by  a  bnndred,  and  first  asenme  that  their  height  and  breadth 
imnain  the  lanw,  they  wonid  ttreteh  ont  to  tlie  length  of  90<N)  miles,  or 
aboot  lialf  an  far  again  as  ftom  the  pole  io  the  eqoalor.  If,  on  the  other 
hand,  we  eoppoee  their  length  and  breadth  to  remain  the  same,  and  mnl- 
tiply  their  height  in  an  equal  proportion,  the  mean  elevation  of  the  vol- 
canic mass  becomes  ten  tliousand  feet,  and  its  greatest  more  than  double 
tiiat  of  the  Ifiin  ilaya  mouiUams.  It  will  iiunudiately  be  graaitJ  ihat, 
among  the  oUler  ioruiaiions,  no  igneous  rock  of  such  colossal  magnitvide 
has  vet  been  met  wiih;  nay,  it  would  be  Uillii  iik  lo  point  out  a  mass 
of  ancient  date  distim;iiy  referable  to  a  siiigle  eruption,  which  sliould  even 
rival  in  volume  the  mniier  poureil  out  from  Skapl4r  Jokul  in  1783. 

J-Jniplion  of  Jorullo  in  1759. — As  another  example  ol  tiie  slupendoiig 
scale  of  modem  volcanic  eruptions,  i  may  mention  that  of  Jorullo  in 
Mexico,  in  1750.  The  great  region  to  which  this  mountain  belongs  has 
already  been  described.  The  plain  of  Malpais  forms  part  of  an  elevated 
platform,  between  12000  and  3000  feet  above  the  level  of  the  sea,  and  is 
bounded  by  hills  eompoeed  of  basalt,  trachyte,  and  folcanic  toff,  clearly 
indicating  that  the  country  had  preTionsly,  though  probably  at  a  remote 
period,  been  the  theatre  of  igneous  action«  From  the  era  of  the  diaooT- 
ory  of  the  New  World  to  the  middle  of  tlie  last  century,  the  district  had 
lomained  undisturbed,  and  the  space,  now  the  site  of  the  volcano,  which 
ia  thirty-six  leaguea  distant  from  the  nearest  sea,  was  occupied  by  fertile 
fields  of  sugar-cane  and  indigo,  and  watered  by  the  two  brooks  Cuitimba 
and  San  Pedro.  In  the  month  of  June,  1780,  hollow  sounds  of  an  alarm- 
ing nature  were  heard,  and  earthquakes  Aeeeeded  each  other  for  two 
months,  until,  in  September,  flames  issued  from  the  ground,  and  frag- 
iuenlii  of  burning  rocks  were  liiruwu  to  prodigious  heights.    iSix  volcanic 

*  TUbleaa  des  TVnalas  q|al  ooinposent  TEooioe  da  GHsbSi  p.  6Bl   Paris,  1899. 
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cones,  composed  of  scoria?  aiul  fraenientarv  Invn,  were  formed  on  the  line 
of  a  chasm  which  ran  in  iho  <1ircnMi<»n  Iruii  N.  I\.E.  lo  S.  S.  W.  The  least 
c»f  these  cones  was  'Soi)  ievi  in  h»'i:,»l»i;  and  Jorullo,  tlie  central  volcano, 
was  elevated  1600  feel  above  the  level  of  the  plain.  It  sent  forth  great 
streams  of  basaltic  lava,  contain! n;ir  included  frn^ments  of  i^ran itic  rockSf 
and  its  ejections  did  nol  cease  till  the  moDth  of  Febraary,  1760. 

Humboldt  visited  the  country  more  than  forty  years  after  this  oceap* 
rence,  and  was  informed  by  the  Indians,  that  when  they  returned,  long 
afier  the  catastrophe,  to  the  plain,  they  found  the  ground  nninhabiuble 
from  the  excessive  heat.  When  he  himself  visited  the  place,  there  ap- 
peared, around  the  baie  of  the  cones,  and  spreading  from  Uiem,  as  from  m 
eentret  over  an  extent  of  fonr  square  miles,  a  mass  of  matter  of  a  convex 
form,  about  650  feet  high  at  its  junction  with  the  cones,  and  gradually 
sloping  from  them  in  all  directions  towards  the  plain.   This  mass  wan 


Fig.2G. 


a,  SmrnnUt     Joruih;  6,  c,  inelmed  plane  tloping  sf  m  'engii  qf  6°  frvm  ikt 

Still  in  a  heated  state,  the  tcmper  iture  in  the  fissures  being  on  the  decrease 
from  year  to  year,  but  in  1780  it  was  still  sufficient  to  light  a  cigar  at  the 
depth  of  a  few  inches.  On  this  slightly  convex  protuberance,  the  slope 
of  which  must  form  an  angle  of  about  6°  with  the  horizon,  were  thou- 
sands of  fiattish  conical  mounds,  from  six  to  nine  feet  high,  which,  as  well 
as  large  fissures  traversing  the  plain,  acted  as  fumeroles,  giving  out  clouds 
of  sulphuric  acid  and  hot  aqueous  vapour.  The  two  small  rivers  before 
mentioned  disappeared  during  the  eruption,  losing  themselves  below  the 
eastern  extremity  of  the  plain,  and  reappearing  aa  hot  springs  at  its  west* 
ern  limit. 

Came  of  the  convexity  of  the  plain  of  J/a//Mi>f.— Humboldt  attributed 
the  convexity  of  the  plain  to  inflation  from  below ;  supposing  the  ground, 
for  four  square  miles  in  extent,  to  have  risen  up  in  the  shape  of  a  bladder 

lo  the  elevutioii  of  550  feet  above  the  plain  in  the  highest  part.  l\\n  lius 
ilit  i»ry  is  by  no  means  borne  out  by  the  facts  described  ;  and  it  is  the 
more  necess:jry  to  scrutinize  closely  the  prools  relied  on,  because  the 
opinion  of  Hiiniholdt  appears  to  have  been  received  as  if  founded  on  dirt  ct 
oi)servalion,  and  lias  licen  m^de  the  groundwork  of  other  hold  and  extra- 
ordinary theories.  Mr.  Scrope  has  suggested  that  the  phenomena  m;iy 
be  accounted  for  far  more  natunilly,  by  supposing  that  lava  flowing  simul- 
taneously  from  the  different  orifices,  and  principally  from  Jorullo,  united 
into  a  sort  of  pool  or  lake.  As  they  were  poured  forth  on  a  surface  pre- 
viously  flat,  they  would,  if  their  liquidity  was  not  very  great,  remain 
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thiekflst  and  tepMl  Mar  thair  aooxaei  and  diatinlah  in  bnlk  flmn  ibam 
towafda  the  limitaof  the  apace  whieh  they  eovered.  FVaali  aappliea  wara 

probably  emitted  successively  during  the  course  of  an  eruption  which 
lasted  a  year ;  and  some  of  iliesCt  resting  on  those  first  emitted,  might 
oiily  spread  to  a  small  disilance  from  the  foot  of  the  cone,  where  liiey 
would  necessarily  accuiiHiiate  to  a  great  heiglu. 

The  showers,  also,  of  louse  aud  pulveruKm  ni  iiij  r  from  the  six  cra- 
ters, and  principally  from  Jorullo,  wouUI  be  composed  of  heavter  and 
more  bulky  particles  near  tiic  cones,  and  would  raise  the  ground  at  their 
base,  where,  mixing  wiih  rain,  they  might  have  given  rise  to  the  stratum 
of  black  clay  which  is  described  as  covering  the  lava.  Tiie  small  conical 
nmnda  (called  bornitos/'  or  little  ovens)  may  resaiable  Uioae  five  or 
six  sm^  hiUocka  wbich  azisted  in  191^  on  the  Vesuvian  lava,  and  aent 
forth  columns  of  Yaponr«  having  been  prodnccd  by  Iba  disengagement  of 
alaatia  floida  haaving  np  amall  doma-ahapad  maaaas  of  lava.  Tiia  fiaaiuea 
mntionad  by  Hnmboldi  as  of  fraqnant  oocunanca,  are  aach  aa  might 
natorally  aaconpany  tha  eonacdidation  of  a  thiak  bad  of  laYai  conliaatinf 
aa  it  CQDgaala ;  and  tha  diaappearanea  of  rivera  ia  tha  naoal  reaolt  of  tha 
oeeopatton  of  tha  iowar  part  of  a  ndley  or  plain  by  ia?a,  of  which  there 
an  many  beantiful  axamplaa  in  tha  old  iava-aorranta  of  Anvargne*  Tha 
boat  of  tha  ^^hoipito^**  ia  alatad  to  hava  diminiat^  from  tha  first ;  and 
Mr.  BoUoak,  who  Tiatad  tha  spot  many  yeara  after  Homboldt,  found  the 
tamparatare  of  the  hot  spring  very  low, — a  fact  which  seems  clearly  to 
indicate  the  gradual  congelation  of  a  subjacent  bed  of  lava,  whicli  from  its 
immense  thickness  may  have  been  enabled  to  retain  its  lieat  for  half  a 
century.  The  reader  may  be  reminded,  ili  a  when  we  thus  suppose  the 
lava  near  the  volcano  lo  have  been,  logeihtr  u  ilh  the  ejected  ashes,  more 
than  500  feet  in  depth,  wc  merely  assign  a  il  iokness  which  the  current 
of  Skaptar  Jokul  attained  in  some  places  in  1703. 

Hollow  wvnd  of  the  plain  wkeyi  struck. — Another  argument  adduced 
in  support  of  the  theory  of  inflation  from  below,  was,  the  hollow  sound 
mada  by  the  steps  of  a  hoiaa  upon  the  plain ;  which«  howatrart  piovea 
aothing  more  than  that  tha  matarials  of  which  the  convex  mass  is  composed 
wo  light  and  parooa.  Tha  aound  callad  **  riiabombo''  by  the  Itaiiana  ia 
vmy  aanmonly  ratornad  by  made  ground  when  struck  sharply ;  and  haa 
baon  obaervad  not  only  on  tha  aidaa  of  Vesuvioa  and  otbar  volcanic  conaa 
wham  thaie  la  a  oavi^  balow,  but  in  plaina  anch  aa  tha  Campigaa  di 
Roma*  aompoaad  in  a  giaat  maaaufa  of  toff  and  porooa  voleania  locka. 
Tho  xavarbantion«  howavar,  may  parhapa-  ba  aaaiaied  by  giottoa  and 
cavana*  Ibr  thaaa  may  ba  aa  nnmaiooa  in  tha  lavaa  of  JoniUo  aa  in  many 
of  tboaa  of  Etna }  hot  thair  aziatanca  would  land  no  conntananco  to  the  hv- 
pothaaia  of  a  great  arehad  oavi^,  foor  aqnata  milaa  in  aitant,  and  in  tha 
aantia  500  faat  high.* 
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No  recent  erirptions  of  JoruUo. — In  a  former  edition  I  staled  lhat  I  had 
been  informed  hy  Captain  Vetch,  lhat  in  1819  a  lower  at  Guad;il  ixara 
was  thrown  down  by  an  earilHji.akc,  and  tJiat  ashes,  supposed  lo  have 
come  from  Jorullo,  fell  at  Uic  same  time  ul  Giianaxnato,  a  lawn  situated 
140  English  miles  from  the  volcano.  There  appears,  however,  to  have 
been  a  mistake  in  the  stHtement;  for  Mr.  Burknrt,  a  Herman  director  of 
mloeSy  who  examined  Jorullo  in  1827,  ascertained  that  there  had  been  no 
eruption  there  since  Uumboldt*s  visit  in  1803.  He  went  to  the  bottom 
of  the  crater,  and  observed  a  slight  evolution  of  sulphorous  icid  vapours, 
but  the  hornitoB"  had  entirely  ceased  to  send  forth  stcnm.  During  the 
twenty-four  years  inlerveniDg  between  his  visit  and  that  of  ilumboldt, 
TegetatioD  had  made  great  progress  on  the  flanks  of  the  new  hills,  the 
rich  soil  of  the  surrouQding  country  was  once  mora  covered  with  loxo- 
riant  crops  of  sugar-cane  and  indigo,  and  there  was  an  abundant  growth 
of  nstural  underwood  on  all  tlie  uncultiTated  tracts.* 


CHAPTER  XIII. 

Volcanic  archipelagos — The  Canaries — Eruptions  in  Tenerilfe — Cones  thrown  op  in 
r.anct^nifi*  in  17:^0-36 — Pretended  distinction  l>ir»lnoen  ancient  and  modem  lavas — 
Rrcont  oolifir  travertin  in  Lancerotc — Submarine  volcanos  (p.  '.i'i2.) — Gr-ihanl 
Island  f'orint'd  ui  1831 — Von  Bucii'ii  Theory  of  "  Elevation  Crnlers"  considered 
(p.  357.) — Santorinand  its  contiguous  isles — Isle  of  Palma,  a  supposed  "  Crater  of 
Elevation'*— Batten  lilaad  in  the  Bay  of  Bengal  (p.  SCI.)— Miaend  eomp«sitiiMi 
of  Toloanic  product*  (p.  372.)— Speculations  reipecting  Igneous  rocks  produced  at 
great  depths  by  modem  volcanio  erapdons, 

Folcanie  ttrekipdaga»,^lm  our  chronological  sketch  of  the  changes 
which  have  happened  within  the  traditionary  and  historical  period  in  the 
Toleante  district  ronnd  Naples,  we  described  the  renewal  of  the  tires  of  a 
central  and  habitoal  crater,  and  the  almost  entire  cessation  of  a  series  of 
irregular  eruptions  from  minor  and  independent  vents.  8ome  volcanic 
archipelagos  offer  interesting  examples  of  the  converse  of  tliis  phenone* 
non$  the  great  habitoal  vent  having  become  almost  sealed  iii>,  and  erup- 
tions of  ^Tcnt  violence  now  proceeding,  cither  from  different  points  in  the 
bed  of  the  ocean,  or  from  adjoining  it»lands,  where,  as  formerly  in  Ischia, 

*  Leonfaaid  and  Brann's  Neues  lahrboeh,  183S,  p.  36. 
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wmw  coBM  Hid  crttofs  iM  Surntid  'from  inM  lo  tiiM*  Of  thlf  ttil9  of 
thing!  llw  Cinaiy  Mnidt  now  alfofd  aa  «tiinple. 

jPeoA  of  Tmeriffk^^Tht  blgbeil  enter  of  the  Vmk     Teneriff^  hts 

been  in  the  itate  of  asolfatara  ever  since  it  has  been  known  lo  Europeans; 
but  several  eruptions  have  laken  place  from  the  sides  of  the  mouuiaia  ; 
oiie  in  llie  year  1430,  which  formed  a  small  hill,  and  another  in  1704  and 
tlie  two  following  years,  accompanied  with  great  earthquakes,  when  the 
lava  ()V(  rlloued  a  town  and  harbour.  Another  erujiiiDii  happened  in 
June,  I71H,  not  fnrfrom  the  summit  of  the  peak.  Bui  these  lateral  emis- 
sions ot  lava,  at  distant  intervals,  may  be  considered  as  of  a  subordinate 
kind,  and  subsidiary  to  the  great  dischai^e  which  has  taken  place  in  the 
eontiguoiis  islet  of  Palma  and  Lincerote ;  and  the  occasional  activity  of 
the  peak  mafbe  compared  to  the  irregular  eniptiona  before  mentioned,  of 
the  Bolfatartt  of  Ano  in  Iscliia,  and  of  Monte  Nnovo«  whieh  have  broken 
OQI  Btnee  the  renewal  of  (be  Veaorian  fires  in  79. 

.Snipdeii  hi  Lmtmit^  1780  /o  1786.— The  effeeta  of  one  of  these 
iimlar  erapttona  in  the  Oaoariet«  whieh  happened  in  Laneerolet  between 
the  yean  1780  and  1780,  weie  ▼eij  imnaikable ;  and  a  detailed  deeerip* 
lion  has  been  puUlshed  hj  Von  Bneh,  who  had  an  opportnnlty,  when  ho 
▼iaitad  tint  island  in  1815,  of  eomporing  the  aeeounts  transmitted  to  ne 
of  the  event,  with  the  present  state  and  geological  appearances  of  the 
countrr.*  On  the  first  of  September,  1730,  the  earth  split  open  on  a 
sudden  two  leagues  from  Yaira.  In  one  night  a  considerable  hill  of 
ejected  matter  was  thrown  up ;  and  a  few  days  later,  iniuther  vent 
opened,  and  ^ave  out  a  lava-stream,  which  overran  Chinanfaya  aiitl  oiher 
village!.  It  flowed  first  rapidly,  like  water,  but  became  afterwards  heavy 
and  slow,  like  honey.  On  the  7th  of  Septeml  i  r  an  luunense  rock  was 
protruded  Iroin  ilu  honnm  df  tlie  lava,  with  a  tioise  like  thunder,  and  the 
stream  was  forced  to  change  its  course  Irom  N>  to  N*  W,,  so  that  St. 
C^talina  and  other  villages  were  overflowed. 

Whether  this  mass  was  protruded  by  an  eardiquake,  or  was  a  mass  of 
tneient  lava,  blown  np  like  thai  beiSare  mentioned  in  1788  in  leeland,  is 
not  e^^plained. 

On  the  11th  of  September  more  lava  flowed  out,  and  covered  the  vH- 
kge  of  Maso  entitelff  snd,  for  the  space  of  eight  days,  precipitated  itself 
I  with  a  horrible  loer  into  the  sem.  Dead  fish  floated  on  the  waleie  in 
indescribable  nnltitndee,  or  were  thrown  dying  on  the  shore.  AAer  a 
brief  interval  of  repose,  three  now  openings  broke  forth  immediately  from 
the  site  of  the  eonsomed  St  Catalina,  and  sent  out  an  enormous  quantity 
of  lapillii  sand,  and  ashes.  On  the  88th  of  October,  the  cattle  tfaronghout 

•  Til'-*  nrfoiuit  waa  principnlly  dorived  by  Vnn  Bnch  from  the  MS.  of  Don  Andrea 
I  [i/f»  Curtwio,  Cnrntf  of  Vairn.  tiic  point  where  the  eruption  began  — Uebecinen 
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Hm  vhole  eoHitrj  propped  ItMMf  to  granadp  waShmM  hy  putrid 
▼tpoun,  which  oondenied  tad  fell  down  in  dnpf  •  On  the*  1st  of  !>•• 
eember  &  lava  ttretni  rotehed  the  tea,  and  formed  an  iaiaadt  nmd  wfakii 

dead  fish  were  etrewed. 

Number  of  cones  thrown  yp. — Ii  is  unneeessary  here  to  give  the  detula 
of  ihc  overwhchning  of  other  places  by  liery  torrents,  or  of  a  Btorm  which 
was  equally  new  and  lemryiiig  lo  the  iuhabilants,  as  tin  y  had  never 
known  one  in  their  country  before.  On  the  lOih  of  January,  17^1,  a 
high  hill  was  ilirown  up,  wluch,  on  the  er^me  day,  precipitated  itself  back 
again  into  its  own  crater;  fiery  brooks  ol  lava  flowed  from  it  lo  the  sea. 
On  the  3d  of  February  a  new  cone  arose.  Others  wpre  tlirown  up  in 
Mareli,  and  poured  forth  lava-streams.  Numerous  other  volcanic  cones 
were  subsequently  formed  in  succession,  till  at  last  their  number  aiuoimied 
to  about  thirty.  la  Juaep  1731,  during  a  renewal  of  the  eroplioiis,  all 
the  banks  and  shores  in  the  weatem  part  of  the  island  were  covered  with 
dying  fish,  of  different  apoeiea»  aome  of  which  had  never  before  been 
seen.  Smoke'  and  dame  arose  from  the  fea,  with  load  dolooatkuia* 
Theee  dreadful  eomniotioiia  laated  without  intemipcion  for  jive  MMomflne 
yenra,  ao  that  a  great  emigration  of  the  inhahitatttB  beeane  neecaaary. 

7%ei>  luteor  direcHon^kM  to  the  height  of  the  now  eonea,  Yon  Both 
waa  aaanrad  that  the  formerly  great  and  floariahing  8t  Calalina  lay  bnried 
under  htlli  400. feet  in  height;  and  he  obeenree  that  die  moatdetaled 
eoae  of  the  aeriea  roee  000  feet  above  ita  base,  and  1978  feet  above  the 
aea,  and  that  several  others  were  neariy  ae  high*  The  new  venta  wore  all 
arranged  in  one  Hntf  about  two  geographical  mites  long,  and  in  m  diree- 
tion  nearly  east  and  west.  If  we  admit  the  probability  of  Von  Bucb^s 
conjecture,  ihai  these  vents  opened  along  ilic  line  ul  a  rich,  it  seems 
necessary  to  suppu&c  ih.ii  Una  bubierranean  fissure  was  only  prolonged 
upwards  lo  the  surface  by  degrees,  and  tliut  the  rent  was  narrow  at  tirst, 
as  IS  usually  tlie  case  with  fissures  caused  by  r  iriliquake^s.  Lava  anf| 
elastic  fluids  might  escape  fruai  ijoine  pi*iiit  ou  liie  rent  win  re  there  was 
least  resistance,  lill,  the  first  aperture  becoming  obstructed  by  ejections 
and  tlie  consolidation  of  lava,  other  orifices  burst  open  in  succession,  idoog 
the  line  of  the  original  fissure.  Von  fiuch  found  that  each  cialer  waa 
lowest  on  that  aide  on  which  lava  had  issued;  hot  some  erateia  were  not 
breached,  and  were  without  any  lava-eUpeama«  In  one  of  these  were  open 
fiaanree,  oat  of  which  hot  vapoura  roee,  which  in  1816  raieed  the  tho^ 
mometer  to  145°  Fahrenheit*  and  waa  probably  at  the  boilmg  point  lower 
down.  The  exhalations  seemed  to  consist  of  aqneoua  vapour;  yetthsj 
could  not  be  pure  steauif  for  the  erevicea  were  encroeled  on  either  side 
by  ailiceooc  atnier  (an  opal-like  hydrste  of  silica  of  a  white^colour),  which 
.  extended  almoat  to  the  middle.  This  important  fact  atteeta  the  length  of 
dme  during  which  chemical  processes  continue  aAer  eruptions,  and  bow 
open  fissures  may  be  filled  up  laterally  by  mineral  matlsr*  sublimed  from 
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^Icsanie  exMations.  The  lavas  of  this  eruption  covered  nearly  a  iliird 
of  the  whole  island,  often  forming  on  slightly  inclined  planes  great  hori- 
zontal sheets  several  .^({ii  ie  leagues  in  area,  resembUog  very  aiuch  the 
basaltic  pliucaus  of  AuvtTLnic. 

PrfleniU  d  diiti iniiio/i  btla  ttn  ancicnf  (irul  nuxh ni  lavas. — One  of  the 
new  hivLis  was  observed  to  contain  masses  of  olivine  of  an  olive-green 
cr>l()iir,  rf  sf>nil)ling  \X\om  which  occur  in  one  of  the  lavas  of  the  Vivarais. 
\ lidcli  supposes  the  great  crystal  of  olivine  to  have  been  derived  from 
a  previously  existing  basalt  melted  up  by  the  new  volcanos;  but  he  gives  * 
no  sufficient  data  lo  bear  oot  racb  a  conjecture.    The  older  rocks  of  the 
island  coinitt»  la  a  great  metrare,  of  that  klad  of  basaltic  lava  oaUed 
dolerite,  soaetiiai  eolamnar,  and  partly  of  common  basalt  and  amygda* 
loid*   SoflM  naent  lavas  assumed,  on  entering  ihe  aea,^  prismatic  fomif 
and  so  much  rafemUMi  tha  oldar  lavaa  of  Iha  Caaariaa*  that  tha  only  gaiH 
logieal  dialiQolion  wbidi  Yon  Bneh  appaaia  lo  hava  bean  abia  lo  draw . 
betwaea  iban  waa,  that  tbaj  did  not  alianiata  with  conglomarataa,  like 
tbe  anatam  baaatia.  Soma  modain  wriien  hato  andaavooiad  to  dtaoovar, 
in  tha  abondanaa  of  tbeaa  oonglonarataat  a  proof  of  tha  diaaimilaiity  of 
the  flaafiifi  aeiiatt  in  anefent  and  modarn  timaa ;  hat  thia  ehaiaotar  la 
mota  pralMiblj  attribotaUa  to  tha  difiarenea  between  tabmarina  open* 
tiona  and  thoae  on  this  land.   All  the  blocks  and  imperfectly  ronnded 
fragments  of  lava,  transported,  during  the  intervals  of  t  i  ii[Hion,  by  rivers 
and  torrents,  into  the  adjoining  sea,  or  torn  l>y  the  coniuiucd  action  of 
Uie  waves  from  cliffs  which  are  nndermintd,  lllu^t  accunuilate  in  stratified 
breccias  and  conjrlomerntes,  and  be  covered  again  nnd  again  by  oihur 
lavas.    This  is  now  lakuig  place  on  the  shores  of  Sirilv.  between  Cata- 
nia and   IK  zza,  where  \ho  «oa  breaks  down  and  coverts  the  shore  with 
blocks  and  pebbles  of  liie  modern  lavas  of  Etna;   and  on  p^rts  of  the 
coast  of  Ischia,  where  numerous  currents  of  trachyte  are  in  like  manner 
undermined  in  lofty  precipices.    So  often  then  as  an  island  is  raised  in  a 
volcanic  arehipelago  by  earthquakes  from  the  deep,  the  fundamental  and 
fi^tivaly  to  dl  above)  the  oldest  lavaa  wiU  oHen  be  distinguishable  from 
those  formed  by  snbaeqoent  eraptiona  on  dry  landt  by  their  alternation 
with  beds  uf  eendatona  and  ibgmantaiy  rodw. 

Hia  fttpposed  want  of  identity  then  between  the  volcanic  phenomena 
<»f  diierent  epochs  resolves  itself  into  the  marked  dillbrence  between  the  • 
operations  simnltaneonsly  in  progress,  above  and  below  the  waters.  8aeh« 
indeed,  ie  the  sonrce,  as  was  Iwfora  stated  in  the  First  Book  (chap,  v.), 
of  many  of  onr  atrongeat  theoretical  prejadieea  in  geology.  No  sooner 
do  we  stndy  and  endeavoor  to  explain  anhmarina  appearances,  thsn  wo 
feel,  to  use  a  common  expression,  out  of  onr  element;  and,  nnwilling  to 
concede  that  our  extreme  ignorance  of  processes  now  continually  going 
on  can  be  the  cause  of  our  perplexity,  we  lake  refuge  in  a  prc-cxislcnl 
order  of  nature." 


Digitized  b.y£()  -v,i^ 


I 

p 

I 

I 

^  362  BUBMAKINi:;  V  ULCAAOS.  [Book  ii. 

Biuni  formaHon  tf  ooHHc  traveriin  in  Zoneerole.'^Tbmglumt  s 

considerable  part  of  Lencerote,  the  old  lavas  are  eovered  by  m  thm  itfi- 

*  turn  of  limestone,  from  aii  inch  to  two  feel  in  thickness.    It  is  of  a  hard 

stalactitic  nature,  sometimeb  oolitic,  like  ihe  .[ur:i  limestone,  and  rontaini 
I  ii ;(;: ii  pnts  of  lava  anc]  terrestrial  shells,  chieily  lielices  and  spiral  bulimi. 

1  i/^         iiucU  im  i;!!iu that  this  remarkable  superstratum  ha?  been  produced 

1  »      by  thp  fiTftous  iioiiii-west  sloruisj,  wliich  in  winter  drive  the  spray  of  llie 

FP  .  i[i  i  liiinl^;  orcr  tfie  whole  island;  from  whence  calcareous  particles 
^       may  be  deposited  stolaciitically.    If  this  explanation  be  correct,  and  it 
*•  seems  hi^lily  probable,  the  fact  is  ioteiesting,  as  attesting  the  quantity 

matter  iield  in  solution  by  the  sea-water,  and  ready  to  pvecipiiate  itself  in 
Ibe  form  of  solid  rock.  At  the  bottom  of  such  a  sea,  iaipngaated,  as  in 
the  neighbourhood  of  all  active  volcanoit  with  mineral  natter  in  soliMiont 
Uvae  must  be  converted  into  ealcareooe  anygdaloidst  a  form  In  which  the 
^  igoeons  rooks  so  frequently  appear  in  the  older  European  formations.  I 
may  mention  that  recent  cievices  in  the  loeks  of  Tiezza,  one  of  the  Cy« 
'  dopian  isles  at  the  foot  of  Etna,  aie  filled  with  a  kind  of  travertin,  as  high 

!  as  the  spray  of  the  sea  reaches ;  and  indnded  in  this  hard  veinstone  I 

.  have  seen  fragments,  and  even  entire  speeimenst  of  lecent  shells,  perhaps 

t  thrown  up  by  the  waves. 

Recent  eruption  in  Lancerote. — From  the  year  1730  to  1815,  when 
Von  Buch  visited  Lancerote,  there  had  been  no  tmpiion;  but,  in  August, 
l&'Zi,  a  crater  opened  near  the  port  or  Ivcst  if,  a!>d  forifitd,  by  its  ejections, 
in  the  space  of  U\  cnis  -tnur  hcinrs,  a  eoMsukTiibie  iuii.  Violent  earth- 
quakes preceded  and  accompanied  this  eruption.* 

Subiiiarine  volcanos, — Although  we  have  every  reason  to  believe  that 
volcanic  eruptions  as  well  as  earthquakes  aro  common  in  the  bed  of  the 
sea,  it  was  not  to  be  expected  that  many  opportunities  would  occur  to  sci- 
entific observers  of  witnessi ng  the  phenomena.  Tlie enws  of  veesels  have 
sometimes  reported  that  they  have  seen  in  difieront  places  solphoreeat 
smoke,  flame,  jets  of  water,  and  steam,  rising  up  from  the  sea,  or  ihey 
have  observed  the  waters  greedy  dlscoloared,  and  in  a  state  of  violeat 
agitation,  ae  if  boiling.  New  shosls  have  also  been  enconnteied,  or  a 
reef  of  rocks  just  emerging  above  the  surface,  where  previously  there  was 
always  supposed  to  have  been  deep  water.  On  some  few  occasions  the 
gradual  formation  of  an  island  by  a  submarine  eruption  has  been  observed, 
as  that  of  Sabrina,  in  the  year  1811,  off  St.  Michaers,  in  the  Azores. 
The  throwing  up  of  ashes  in  that  case,  and  the  formation  of  a  cone  aboot 
300  feel  in  heif,dit,  willi  a  crater  in  the  centre,  closely  resembled  the  phe- 
nomena usually  accoin]);uiying  a  volcanic  eruption  on  land.  Sabriiia  ^vas 
soon  washed  away  by  itic  waves.    Previous  eruptions  in  the  same  part 

*  F^raiste,  fiulletin  des  Sci.  Nat.,  tome  v.  p.  45.  1625.  The  volcano  was  still 
burmng  when  the  accouat  here  eited  was  written. 
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of  the  sea  were  recorded  to  have  Imppeneil  in  1691  and  1720.    The  rise 

of  NyoCt  also,  a  small  island  off  Ute  coast  of  Iceland,  in  1783,  has  already  t 

betn  alluded  to,  and  aaother  volcanic  isle  was  produced  by  aa  eruptioa 

Bear  Reikiavig,  on  the  same  coast,  in  June,  1830**  ^ 

Graham  IsUmdti  1831.«We  bave  still  more  reeeni  minute  in- 
(brmattOQ  respecting  the  appearance,  in  1831,  of  a  new  volcanic  island 
ia  the  MedittinaBeaa,  between  the  8.  W.  coast  of  Siefly  and  that  pni||ecl- 
iog  part  of  the  African  coast  where  ancient  Carthage  stood.  The  site  of 
tbe  island  was  not  any  part  of  tbo  great  shoal,  or  bank,  called  ^  Neiila,'* 
as  was  first  asserted,  but  a  spot  where  Captain  W«  H.  Smyth  had  foaod»  ^ 
in  hie  sunrey  a  few  years  before,  a  depth  of  aBore  than  100  ftihoma* 
waler.J 

The  position  of  the  island  (lal.  31^  8'  30"  N.,  long.  12°  42'  15"  E.) 
was  about  thirty  miles  S.W.  of  Sciacca  in  Sicily,  auil  liility-lhree  milcM 
N.  E.  of  Pantellaria.§    On  the  28th  of  June,  about  a  forunght  before  the 
eruption  was  visible,  Sir  Fulieney  Malcolm,  in  passing  over  the  spot  in 
his  ship,  felt  the  shocks  of  an  earthquake,  as  if  lie  had  struck  on  a  sand- 
bank ;  and  the  same  shocks  were  felt  on  the  west  coast  o(  Sicily,  in  a 
direction  from  S.  W.  to      £•    About  the  10th  of  July,  John  Coirao, 
the  captain  of  a  Sicilian  ressel,  reported  that,  as  he  passed  near  the  place, 
he  saw  a  column  of  water  like  a  water-spout,  sixty  feet  high,  and  eight 
haodred  yards  in  circtimference,  rising  from  the  sea,  and  soon  afterwards 
a  dense  steam  in  its  plsce,  which  ascended  to  the  height  of  1800  feel. 
The  same  Corrao,  on  his  retam  from  Gergenti,  on  the  18tfa  of  July, 
tbnnd  a  small  island,  twel?e  feet  high,  with  a  crater  in  its  centre,  ejecting 
volcanic  matter,  and  immense  columns  of  vapour,  tlie  aea  around  being 
ec^ered  with  floating  cinders  and  d^ad  fi«h«  The  scorie  were  of  a 
chocolate  colour,  and  the  water  which  boiled  in  the  circular  basin  was  of 
a  dingy  red.   The  eruption  continued  with  great  violence  to  the  end  of 
the  sam«  month,  at  which  time  the  island  was  Tisited  by  several  persons, 
and,  among  others,  by  Captain  Swinburne,  R.  N.,  and  M.  Hoffmann, 
the  Prussian  geologist.    It  was  then  trum  iiUy  to  nnu  iN  TlcL  in  height, 
and  three-quarters  of  a  mile  in  circumference.    By  the  4ih  of  August  it 
became,  according  to  some  accounts,  above  200  feet  hiizh,  and  three  miles 
in  circumference ;  after  which  it  began  to  diminish  in  size  by  the  action 

*  Joan,  de  GM.,  tone  L 

t  In  a  fofnwr  oditlon,  I  seleeted  the  aMM  of  Seiaeea  oatof  oevoB  which  had  beoa 
propooed ;  bat  the  Royal  and  Geographical  Societies  have  now  adopted  Graii&tn 
labuid,  a  naiae  |pvea  by  Captain  Senbooie,  R.  N.,  the  first  who  succeeded  in  land- 
ioff  on  it.  The  seven  rival  namns  nrc,  Ncrita,  Fordinanda,  Hotham,  Grnham, 
Corrao,  Sciacca,  JuHa.  A~  thp  isle  was  visible  for  only  about  three  months,  lliia  ia 
an  insUnce  of  a  wanton  niultipiicatiou  of  synonyiUH,  which  has  scarcely  ever  be«a 
ootdone  even  in  the  annals  of  zoolo^  and  botaay. 

I  PhU.  T^raao.        p.  866. 

I  Jonra.  of  Rqj.  Goofieph.  8oe,  KSO^. 
Vol.       2  U 
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Ftrmfif  the  cl\ff»  ^  Grahum  UluMd,as  sem  from  S.  S.  E.f  diUamtinu  mUef7tk  Jhtguti, 

of  the  WETM,  and  wu  only  two  milet  round  on  the  26th  of  Aagost ;  and 
on  the  3d  of  September,  when  it  was  carefully  examined  by  Captain 
WodehoQse,  only  three-fifUia  of  a  mile  in  circumference,  ite  greateet 
height  being  then  107  feet.  At  thia  lime  the  crater  waa  about  780  feel 
In  circomferenee.  On  the  29lh  of  September,  when  it  waa  visited  by 
Mona.  C.  Prevoit,  ita  circumference  was  reduced  lo  about  700  yard*. 


Tig  28. 


It  was  composed  entirely  of  incoherent  ejected  matter,  scoriae,  pumice, 
and  lapillit  forming  regular  strata,  some  of  which  are  described  as  iiaving 
been  parallel  to  the  steep  inward  slope  of  the  crater,  while  the  rest  were 
inclined  outwards,  like  those  of  Vesuvius.!  When  the  arrangement  of 
the  ejected  materials  has  been  determined  by  their  faUio|^jOontuiually  on 
two  ateep  alopea,  that  of  the  external' cone  and  tliat  of  the  crater,  which  it 
alwaya  a  hollow  inverted  cone,  a  tranaverae  section  would  probably  le- 
aemble  that  given  in  Fig.  80,  p.  85S.   But  when  I  viailed  Veanvioa 

in  1828, 1  aaw  no  beds  of  acorie  inclined  towarda  the  axia  of  theeone 

,,  I* 

(see  Fig.  24,  p.  318).  Such  may  have  once  existed;  out  the  exploaionsr 
or  aobeidencea,  or  whatever  causes  produced  the  greaterater  of  1822,  had 
poaaibly  destroyed  them. 

*  PUL  TVans.,  pait  ii.,  1832,  ladaeed  flmn  drawing*  by  Csptsia  Wedehoesey 
R.N. 

t  Bee  BMBioir  by  M.  C.  Prevost,  Ann.  des  8ei.  Nat,  torn.  xxiv. 
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rig.  89. 


OraW  Mandf  881ft  8tpt,  1831.* 


fig.  30. 


Few  of  the  pieceu  of  stone  thrown  out  from  Graham  Inland  exceeded* 
Ibot  in  diameter.    Some  frtgniente  of  dolomilic  limestoBe  were  inter- 
mixed ;  but  these  were  the  only  nmi-voloanic  substances.   During  the 
month  of  Augoett  there  occurred  on  the  S.  W.  tide  of  the  new  ieland  a 
nolent  ebullition  aod  agittlion  of  the  eett  aecompenied  by  the  eooetaiil 
OMOMion  of  a  eolonin  of  donee  white  eteain,  fadicating  the  ozletenee  of  a 
oaeosd  voat  al  no  great  depth  from  the  eurfaoe.  Towards  the  cloee  of 
Oeiober«  no  veetago  of  the  crater  remained,  and  the  island  waa  nearly 
levoUod  with  the  mtttee  of  the  ocean,  with  the  exception,  at  one  point, 
of  a  amali  montieulo  of  sand  and  scoris.  It  wta  reported  that,  aft  the 
eommencement  of  the  year  following  (1832),  there  was  a  depth  of  190 
feet  where  the  island  had  been :  but  this  accoont  waa  qniio  ommeoua ; 
for  in  the  early  part  of  that  year  Captain  Swinbomo  found  a  ahoal  and 
discoloured  water  there,  and  towards  the  end  of  1888  a  dangerous  reef 
existed,  of  an  oval  figure,  about  three-firths  of  a  mile  in  extent.    In  the 
cemre  was  a  black  rock,  of  the  diameter  of  about  twenty-six  fathoms, 
from  nine  to  eleven  feet  under  water;  and  round  this  rock  are  banks  of 
black  volcanic  stones  and  loose  sand.    At  the  distance  of  sixty  fathoms 
from  this  central  mass,  the  depth  increased  rapiiily.    'I'licre  was  also  a 
second  shoal  at  the  distance  ^^  450  feet  S.  W.  of  the  great  reef,  with  fif- 
teen feet  water  over  it,  also  composed  of  rock  siirroumled  by  deep  sea. 

*  In  lbs  aBBSied  shsleh  (Fig.  39.),  drawn  If  M .  Jelorflls,  wba  asiwinniaBleii  M. 
C.  Prsfsst,  the  bads  sseaa  to  slepe  towards  the  aentia  of  the  ecalar;  bat  1  am  In* 
formed  by  Mr.  Prevoat  that  dM8S  ttaaa  wBia  Bot  hilaaded  bj  the  artist  to  mpiassnt 
tha  dip  af  the  bads. 
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We  ean  teamly  doubt  thai  the  roek  in  the  middle  of  the  laiger  leef  Im 
lolld  lam  whicfa  lOio  op  in  the  principal  crater,  and  that  the  aecond  ahoel 
marks  the  sight  of  the  aubmarine  .eraption  obeenred  in  August,  1881,  to 

the  S.W.  of  ihe  island. 

From  the  wliole  of  ihe  facts  above  detailed,  it  appears  that  a  hill  80d 
feet  or  more  in  lieiglit  was  formed  by  a  submarine  volcanic  vent,  of  which 
the  upper  part  (only  about  200  feet  high)  emerged  above  the  waters,  so 
as  to  form  an  island.  This  cone  must  have  been  equal  in  size  to  one  of 
the  largest  of  the  lateral  volcanos  on  the  flanks  of  Etna,  and  about  half 
the  height  of  the  mountain  Jorullo  in  Mexico,  which  was  formed  in  the 
eonne  of  nine  months,  io  1768.  In  the  centre  of  the  new  volcano  a  large 
cavity  was  kept  open  by  gaaeona  discharges,  which  threw  .out  scoriae  ; 
and  fluid  lava  probably  roce  up  in  this  eafity.  It  is  not  uncommon  for 
email  anbeidiary  craters  to  open  near  the  summit  of  a  cone,  and  one  of 
these  may  have  been  formed  in  the  ease  of  Graham  laland ;  a  vent,  per- 
hape,  connected  with  the  main  channel  of  discharge  which  gave  passage 
in  that  direction  to  elastic  floide,  eeori»,  and  melted  lava.  It  does  not 
appear  that,  either  from  this  duct,  or  from  the  principal  vent,  there  was 
any  overflowing  of  lava ;  bat  melted  «rock  may  have  flowed  from  the 
flanka  or  base  of  the  cone  (a  common  ocenrrenee  am  land),  and  may  have 
siwead  ih  a  broad  sheet  over  the  bottom  of  the  sea. 


The  dotted  Itnea  in  the  annexed  flgure  are  an  Imaginary  restoration  of 
the  upper  part  of  the  cone,  now  ramoved  by  the  waves :  the  strong  Unee 
represent  tlie  part  of  the  volcano  which  is  stIU  under  water.  In  the  cen- 
tre is  a  great  column,  or  dike,  of  solid  lava,  800  feet  in  diameter,  supposed 
to  fill  the  space  by  which  the  gaseona  fluids  rose ;  and  on  each  side  of 
the  dike  is  a  stnUfied  mass  of  seoris  and  fragmentary  lava.  The  solid 
nucleus  of  the  reef  where  the  black  rock  is  now  found,  withstands  the 
movements  of  the  sea  ;  while  tlic  surrounding  loose  tuffs  are  cut  away  to 
a  somewhat  lower  level.  In  this  manner  tlie  lava,  which  was  the  lowest 
part  of  the  island,  or  to  speak  more  correctly,  which  scarcely  ever  rose 
above  the  level  of  the  sea  when  the  island  existed,  has  now  become  the 
highest  point  in  the  reef. 

No  appearances  observed,  either  during  the  eruption  or  since  the 
island  disappeiired,  give  the  least  support  to  the  opinion  promulgated  by 
some  writeny  that  part  of  the  ancient  bed  of  the  see  had  been  lifted  up 
iMHlily. 


Fig.  31. 
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Tb*  Mlid  pMdwMf ,  myn  Dr.  Mm  Jhifff  wWlto  they  rimirtiJ  of 
and*  liffat  eiadm.  or  venookr  Im*  difiond  mon  Ib  finmi  ihoii  ia  m»* 
pooitHia.  Tfao  kit  oontnaod  oogite ;  otd  tho  fpoeifio  fwvily  wta  3»0T 
■ad  ft.Tap  VhoB  iko  Itgbt  spongy  oiador,  wliiob  flootfld  on  tlio  m,  wt4 

reduced  to  fine  powder  by  trituration,  and  llie  greater  part  of  the  entangled  * 
air  gtit  rid  of,  it  was  found  to  be  of  the  specific  gravity  2.04  ;  antl  Uiai  of 
some  of  the  saml  \\  hicli  fcii  ui  ihc  (:rii]iiion  was  2.73  i*  so  that  the  mate- 
rials equalled  orduiary  grinites  m  v^cighi  uuU  solidity.    Thfi  Otdy  gu 
evol  \  etl  in  any  considerable  quantity  was  CHrhonic  arid.f 

I'Utorx^  of  Efevalion  Crafprs.l — Helore  quiUin;^  ihc  sul  j*  ct  of  smbmarina 
▼olcanos,  it  will  be  necessary  to  say  something  ol  an  opinion  which  lias 
been  promulgated  by  Leopold  Von  Buch,  respecting  what  he  has  termed 
•lovatioD  craters  (Erhebangfcntcre.)  lie  has  aUomptod  to  esplaiu,  by  o 
■OYel  hypothesis,  the  origm  of  certain  largo  eavitioti  tnd  ibe  peculiar 
conical  disposition  of  the  masses  of  fioJlflBiiio  nuittcr  which  surround  them. 

Aoooidtog  to  tbii  f iev«  auoh  conet  ao  tht  aocitiH  Yoay via*  (or  Bonna), 
mmI  tiie  graater  |iarl  ovtii  of  tho  nodom  Yaoat tut,  a*  wall  at  tiM  nodtuo 
of  Etnot  tod  ntny  onhor  mooaloiot  of  tinUir  Ibrn.  liavo  aoft  derived  iho 
adoal  tnao|{eaieot  of  llioir  oiateriaia  froai  laceeaaiTe  eniptiona  at  above 
deeoribed  (p.  314);  bnl  tbeir  node  o(  origin  it  thoa  explained  s  Beds  of 
ymioot  bi06oia»  tnebyle,  baaalt,  otori«»»  and  other  aubetancee  were  drat  ^ 
aocoBiulated  in  a  horixontal  potition»  and  tben  liAed  op  by  tbe  force  of 
poolpop  vapours,  wbioh  bant  opon  t  etvi^  in  tbe  middle  of  the  upraised 
■laaa.    By  this  elevation  tbe  beds  were  so  tilted  as  to  dip  outwards,  in 
every  direction  from  the  central  cavity  or  crater,  at  various  angles  of  be- 
tween i.vtlveaiKi  [iiiriy-five  ileijrees.    In  this  way,  says  \  on  liucli,  Monte 
Nuovo  itself  origiuaicU,  Ijvmg  luiiucj  ui  ilio  s-.une  marine  pumiccous  lutf 
uliicii  occurs  at  Posilippo  and  tbe  country  roi  inl  Naples.    He  supposes 
that,  previously  to  1«>S8,  lliis  luS  blretched  u  it  interruptedly  to  the  site  of 
Moute  Nuovo  in  nearly  horizontal  beds,  isniil,  at  that  period,  it  was  up- 
heaved and  made  to  coiisiitule  a  bill  more  than  400  feel  in  height,  with  t 
crater  of  nearly  equal  depth  in  the  centre.    In  the  uubroken  walls  sqi^ 
rounding  the  crater  appear  the  upper  ends  of  the  beds  of  tuff,  which  are 
there  aeon  to  be  inoUoed  eveiy  where  from  within  ont«ardi.$ 

•  PbU.Tnoa.I8a8^f.M&  iHALf^m. 

t  The  Tiew  wliieh  1  new  gije  of  the  theory  of  elevation  cr&ten,  ahfaoq^  aute 
full,  is  Buhstaalially  tba  saaw  which  I  published  in  the  first  edition,  printed  in  1839, 
sAer  1  had  examined  Vestivina  and  Etna,  nnd  comporril  tfi^m  with  Mont  Dorand  the 
Plomb  du  Cnntal.  The  late  Profpsfior  Hoirmann  of  iii  riui  '  !  out  on  Jiis  fravela 
through  lUiiy  and  iSietly  in  182U,  with  a  strong  expt>clatiuu  ui  hnding  every  where 
ths  dearest  iUiwtratioas  of  the  "  £rhebaii|poBalere  i"  bot  wImb  ha  ksd  ea^ored  the 
Labs  AOmoo,  aear  RoaM,aa  well  sa  Vcaavias,  Elni,fltiioaiiboii,  and  the  other  Lipad 
Uaods,  be  was  oompeUed  lelnetaatlj  to  alieiiioii  the  dootrine.  (Bolletm  da  la  8oe. 
Odol.  de  France,  torn.  til.  p.  170.)  An  examination  of  the  same  couatriaa  Isd  M.  C« 
Prevoft,  as  it  had  dune  Mr.  Scrope  and  iiijidll^  ia  aimilll  OQIMllnaiimi 

I  Fo|geBdoirs  Aoasloa,  1636,  p.  181. 
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Before  the  puUieation  of  theee  opinione  it  had  always  been  iofemd* 

from  the  acconnts  of  eye-witnesses,  that  Monte  Nuovo  was  prodaeed,  in 
153K,  in  the  some  manner  as  Graham  Island  in  1831.  Those  who  be- 
held ihe  eruption  relate  that  a  gulf  opened  on  ihe  site  of  the  small  town 
of  Tripergola,  near  Piizzuoli,  cloee  lo  the  sea,  from  which  jets  of  mud, 
mingled  with  pumk'c  and  siones,  were  vomited  for  a  day  and  a  nijrht. 
These  substances,  fa1iin|ur  down  on  all  Pidcs  of  the  vent,  caused  a  conical 
hill,  on  which  several  persons  ascended  a  few  days  after  the  eruption, 
and  found  a  deep  funnel-shaped  crater  on  the  summit.  •(Sei  p.  309,  and 
Fig.  22«  of  Monte  Nuovo.)  There  ia  no  difficulty  in  oonceiving  that  the 
pumiceoos  mud,  if  ao  thrown  ont,  may  have  set  into  a  kind  of  atone  on 
drying,  just  aa  some  cementa,  composed  of  volcanie  aahea,  are  known  to 
eonaoUdate  with  facility. 

One  of  the  fiiat  objecttona  whieh  naturally  anggeat  themaelvea  to  the 
notion  of  a  oone  like  Monte  Nuovo  being  the  efiect  of  the  andden  uplift- 
ing of  horizontal  beda  of  rock,  haa  been  well  atated  by  Mona.  C.  PreToat, 
who  remarks,  that  if  beda  of  aolid  and  non-elaatie  roateriala  had  yielded  to 
a  violent  pressure  directed  from  below  upwards,  we  ahoold  find  not  simply 

a  deep  empty  cavity,  but  an  irregular  open- 
ing wlicre-niany  rents  converged,  and  there 
rents  would  be  seen  to  break  throuj^h  the 
walls  of  the  crater.  They  would  also  be 
widest  at  top  and  diminish  downwards. 
(See  Fig.  32.  a.  b.y  But  not  a  single  fissure 
of  this  kind  is  observable  in  the  interior  of 
Monte  Nuovo,  where  the  walla  of  the  crater 
are  quite  continooa  and  entire. 
A/e  of  Pahna^^kn  the  theory  of  elevation  cratera  waa  first  invented 
for  the  Canary  Islanda,  it  will  be  deairable  to  give  them  our  firat  conside- 
ration ;  and  when  treating  of  thia  aubject  we  muat  not  forget  how  much 
we  are  indebted  to  the  talenta  and  zeal  of  Leopold  Von  Boch  for  hia  faitb- 
ful  deacription  of  theae  ialanda,  as  well  aa  for  hia  nnmeroua  other  worka 
on  Geology.  Fig.  33. 

Nearly  in  the  centre  of  Palma  ia  an  immense  etreolar         -  >^ 
cavity,  called  the  Oaldera  or  basin,  which  forms  the  >^ 
hollow  axis  of  the  entire  island.    A  lofty  mountain  ridge  \ 
runs  rounil  this  axis,  and  presents  in  all  directions,  to- 
wards the  Caldera,  a  perpendicular  precipice  of  no  less 
than  lour  thousand  feet  in  heigtit,  while  on  the  outside 
the  slope  is  genile  towards  the  sea.    The  middle  of  the 
Caldera  is  more  than  2000  feet  above  the  level  of  the     hit  of  Palma. 
ocean;  the  aorrounding  borders  (**cumbre,*'  or  **creat"  in  Spaniah,)  axe 


M<fls.dabBoa  G^cLderraiieefttaai.  n.  p. 91. 
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df  mioat  heigfhts,  attain ingr  at  one  point  tn  tlovition  (ff  7t94  feet  The 

diameter  of  the  Caldera  is  about  six  miles ;  and  so  steep  are  the  cliffs  by 
which  it  is  environeti,  that  lliere  is  not  a  single  pathway  down  the  rocks; 
and  the  only  eiilrance  is  by  the  ravine,  or  '*  baranco,*'  wbicli  niiis  from 
the  great  circus  down  to  the  sea,  intersccling  all  the  rocks  of  which  the 
island  is  composed.  In  this  section  are  expoj^cd  strata  of  tnfl',  alicrnnlinj 
with  beds  of  basalt ;  and  below  arc  coniilonierales,  composed  of  fniLnnetits 
of  L^raiiitc,  quartz,  syenite,  and  oilier  crystalline  n>cks,  some  of  wliirh  ap- 
pear in  one  place  in  situ.  Volcanic  dikes,  or  veins,  are  seen  cutting 
through  all  these  formations  in  tlie  precipice  on  each  side  of  tlte  barancot 
and  these  increase  in  number  as  we  paes  up  the  gorge,  tnd  approacfi 
Bearer  to  the  Caldera.  The  veins  often  cross  one  another,  and  at  length  • 
form  a  perfect  net-work.  lo  the  cliffs  encircling  the  Caldera  itself  are 
Tariotts  folcanie  roeka,  trarersed  by  basaltie  dikes,  noei  of  whieh  are  per* 
peadieolar,  and  appear  to  hold  together  the  more  ineoherent  maaeee 
threegh  whieh  they  eat.  The  sloping  tides  of  the  island,  whieh  haa 
aneh  the  appearuioe  of  a  flattened  and  hoUew  cone,  are  ftirrowed  by  niH 
■eroes  minor  rarinea,  in  whieh  beda  of  red  and  yellow  aeoris  are  ez- 
poeed  to  view.  The  ravinea  are  deep  near  the  aea,  bat  they  terminate 
before  reaching  the  Caldera. 

PWnb  this  deeeription  I  find  h  impoesible  to  draw  any  other  inference 
than  that  we  have  here  the  remains  of  a  great  volcanic  mountain,  formed 
by  successive  eruptions,  the  first  of  which  burst  througli  granitic  rocks. 
A  great  cone  having,  in  the  course  of  ages,  been  buili  up,  the  higher 
parts  of  it  were  afterwards  destroyed,  and  the  central  crater  enlarged  by 
gaseous  explosions  ;  at  the  fame  time  tliat  a  falling  in,  or  engullment, 
of  large  masses  may  have  taken  place.    But,  according  to  the  llieory  of 

elevation  craters,"  we  are  called  upon  to  suppose,  that  a  series  of  hori- 
zontal beds  of  volcanic  matter  were  first  accumulated  over  each  oilier,  to 
the  enormous  depth  of  more  than  4000  thousand  feet,  after  which  the  ex* 
penaire  force  was  directed  on  a  given  point  with  sach  extraordinary 
eamgy,  as  to  lift  up  bodily  the  whole  maea,  ao  that  it  rote  in  aome  parte 
to  tie  height  of  7000  liMi  abore  the  aeat  while  a  great  void  or 


Digitized  by  Gt) 


860 


6R£AT  OANAAT. 


[Book  II. 


cavity  was  formed  in  the  middle.  Yet,  noiwithstandinpf  this  prodigious 
effort  of  gaseous  explosions,  concentrated  on  so  small  a  point,  the  beds, 
instead  of  being  shattered,  contortecl»  and  thrown  into  the  uunost  disorder, 
have  acquired  that  regular  and  symmetrical  arrangement  which  charac- 
terizes the  flanks  of  the  large  oone  of  Etna !  Earthquakes,  when  ihey  act 
on  eztensife  inttM  6t  feountrr,  may  c&rtainly  eleVate  and  depress  them 
without  deranging  considerably  the  relative  positibn  of  hills,  valleys,  and 
0  ravines.   Bat  ir  the  aferifb^dt  flaids  should  break  through  d  Hiehi  point,  ai 

it  were,  of  the  earth's  cmst;  and  that»  too,  where  the  beds  w^re  ilot  com- 
posed of  soft  yielding  clay,  or  incoherent  sand,  but  in  great  part  of  solid 
trachyte  and  basalt,  thousands  of  feet  thick,  is  it  possible  to  conceive  that 
such  masses  of  rock  could  be  heaved  up,  so  as  to  attain  the  height  of 
t  7000  feet,  or  more,  without  being  fissured  and  fractured  in  every  direciionf 

But  there  is  another  difficulty  which  the  advocates  of  "elevation  cra- 
ters'* appear  to  have  overlooked.    Numerous  dikes  or  veins  of  igneous 
rock  are  ohsetved  in  the  walls  of  the  craters  df  Palma,  Somma,  Siromboli, 
and  oilier  volcanic  masses,    li  is  agreed  on  all  liaiuls  that  such  dikes 
were  once  fissures,  at  first  empiy  anU  .liiervvards  filled  up  with  iiithod 
mailer.    Il  muijl  also  be  conceded  that  llip  fluid  was  introduced  at  dif- 
ferent  periods,  for  after  the  cooling  and  ( (in.MilulaiKni  of  some  dikes,  rsew 
rents  have  occasionally  been  made  inlo  wluch  oUier  lavas  have  eiiiered 
and  solidified.    Now  these  phenomena  imply  the  successive  rise  of  lava 
from  the  interior  towards  the  surface,  precisely  in  the  region  where  the 
height  of  the  volcanic  mountain  is  greatest,  and  where,  in  perfect  accord- 
ance with  the  eruption  theory,  ;he  quantity  of  igneous  rock  and  tuff  are 
in  excess.    It  cannot  be  said  in  reply,  that  the  dikes  were  all  produced  at 
once  during  tlie  upheaving  of  the  mass,  or,  in  other  words,  that  fissures 
were  both  caused  and  filled  at  the  moment  when  the  uplifUiig  force  wss 
eierted,  and  when  the  cone  and  crater  were  formed ;  for  had  this  been 
the  case,  there  would  have  been  a  large  quantity  of  melied  matter  ready 
to  flow  down  into  the  crater,  which  wonld  then  have  been  partially 
choked  up,  at  the  same  time  that  the  fissures  would  have  been  left  pai^ 
tially  empty, 

Greai  Canary.^The  form  of  the  Great  Canary  is  very  analogous  to 
that  of  Palnia,  there  bein^  here  also  a  caldera  and  a  principal  ravine  lead- 
ing out  of  it,  on  ihe  souih  fciile.  The  rocks  are  luii,  conglomerate, basalt, 
and  irachyte.  In  some  of  the  borders  of  the  island  are  marls  and  con- 
glomerates containing  recent  marine  shells,  irom  300  to  4  in)  feet  above 
the  level  of  itie  sea,  and  presenting  an  appearance,  says  Von  Buch,  as 
if  the  level  of  the  ocean  had  subsided  at  successive  periods.  These  are 
doubtless  the  etlecis  of  elevalion,  and  at  tlie  base  of  Etna  marine  atrata 
are  in  like  manner  discoverable ;  but  their  occurrenoe  does  not  prove  an 
upheaving  of  that  kind  from  whieh  cones  and  craleis  would  result  It  is 
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also  stated  that  between  masses  of  basalt  in  the  Great  Canary,*  marine 
shells  have  been  found,  500  or  600  feet  above  the  sea,  all  of  which  is 
what  we  should  now  expect  to  arise  on  the  flanks  of  Stromboli.  For  a 
great  number  of  alternating  beds  of  lava,  and  deposits  containing  shells 
mixed  with  volcanic  sand  and  scoriae,  may  have  accumulated  on  the 
flanks  of  that  half-submerged  cone,  and  may,  one  day,  be  raised  up  in  the 
same  manner  as  continents  and  islands  have  risen  from  the  deep. 

Tenerijfe. — The  Peak  of  Tenerifle  rises  out  of  a  valley  surrounded  by 
precipitous  cliffs,  which  vary  in  height  from  1000  to  1800  feet,  and  which 
ire  given  as  an  exemplification  of  the  **  Erhebungscralere."  The  Peak 
stands,  says  Von  Buch,  like  a  tower  encircled  by  its  fosse  and  bastion. 
The  volcanic  rocks  resemble,  in  general,  those  found  in  the  other  Canary 
Islands. 

Barren  Island. — Barren  Island,  in  the  Bay  of  Bengal,  is  also  proposed 
as  a  striking  illustration  of  the  Erhebungscratere  ;  and  here,  it  is  said,  we 
have  the  advantage  of  being  able  to  contrast  the  ancient  crater  of  eleva- 
tion with  a  cone  and  crater  of  eruption  in  its  centre.  When  seen  from 
the  ocean,  this  island  presents,  on  almost  all  sides,  a  surface  of  bare 
rocks,  rising,  with  a  moderate  acclivity,  towards  the  interior  ;  but  at  one 
point  there  is  a  cleft,  by  which  we  can  penetrate  into  the  centre,  and 
there  discover  that  it  is  occupied  by  a  great  circular  basin,  filled  by  the 


Fig.  35. 


Cone  arid  Crater  of  Barren  Island,  in  the  Bay  of  Bengal. 


waters  of  the  sea,  and  bordered  all  around  by  steep  rocks,  in  the  midst  of 
which  rises  a  volcanic  cone,  very  frequently  in  eruption.  The  summit 
of  this  cone  is  1690  French  feet  in  height,  corresponding  to  that  of  the 
circular  border  which  incloses  the  basin  ;  so  that  it  can  be  seen  from  the 
sea  only  through  the  ravine,  which  precisely  resembles  the  deep  gorge  of 
the  caldera  of  the  Isle  of  Palma,  and  of  which  an  equivalent,  more  or  less 
decided  in  its  characters,  is  said  to  occur  in  all  elevation  craters.  It  is 
most  probable  that  the  exterior  inclosurc  of  Barren  Island,  c,  rf,  (Fig.  36.) 

•  See  Berthelot  and  Webb,  cited  by  De  Beaumont,  Descrip.  G^ol.  de  la  France, 
torn.  iii.  p.  254. 
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poHMi  of  whiek  hat  bm  carried  away,  partly  by  the  action  of  the 
wiveo,  and  partly  by  exploalom  which  preoeded  the  foroiation  of  the  new 

iaterior  ooiie,/»  e,  g* 


h  Fig.  36. 


SnpjMsed  section  of  Barren  island  in  the  Bay  of  Bengal. 


Santorin. — We  may  next  consider  the  island  of  Santorin,  in  the  Gre- 
eien  Archipelago,  ae  its  atmcture  haa  been  freqnenily  appealed  to  by  both 
partiea  during  the  controTeray  now  under  consideration. 

The  three  lalandf  of  Santorin,  Theraaia,  and  Aapmiri  aommad  aa 
almoai  circular  golf  of  about  two  leagnes  in  diameter  fron  aooth  to  north* 
and  a  league  and  a«4ialf  from  east  to  weat  The  island  of  Sentorin  itself 
forms  more  than  two-thirds  of  the  circuit,  and  ia  composed  entirely  of  woU 
eanio  matter,  with  the  exception  of  its  southern  part,  wbieh  riaea  to  thraa 

fl^.  37. 


Chart  and  §ution  qf  Santorin  and  the  contiguous  islands  in  the  Gredan  Archipdagp, 

timea  tlie  height  of  the  igneous  rocks  in  the  island,  and  is  Ibrmed  of  granu- 
lar limestone  and  argillaceous  achist.*  Thia  mountainona  part  is  the 
original  and  fundamental  nucleus  of  the  isle ;  and,  according  to  M •  Bory 

•  Vtrist  Bon.  de  k  8oc.  Gid.  do  Fiaaee,  torn.  iU.  p. 
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de  Si.  Vincent,  its  strata  have  the  same  direciion  as  those  of  the  other  isles 
of  the  Grecian  arcliipela?o,  from  N.  N.W.  lo  S.  S.  E.  Their  iiiclinaiion 
and  fractures  have  no  relaLioa  to  the  position  of  the  newer  i-oleanic  rocks, 
ol  which  the  remainder  of  the  frroup  oi  islamls  is  exchisively  composed. 
The  volcanic  ma^-'^.  which  must  be  considrrrd  as  quite  an  indpppndent 
formnlion,  cnn«sisty  of  alternating  beds  of  tracriytic  lava,  tuff,  and  conirlo- 
menue,  which  dip  on  every  side  from  the  centre  of  the  gulf  lo  the  cir- 
cumference. Towards  the  gulf  they  preaeot  uniformly  a  high  and  ateep 
escarpment,  the  precipices  in  Sanlorin  rising  to  Uie  heiglit  of  more  than 
800  feet,  and  plunging  at  once  into  a  sea  IVoin  800  to  1000  feet  deep* 
£aeb  of  Iha  islands  is  capped  by  an  enormoQS  mass  of  while  tufaceous 
eongloDiente,  from  forty  to  fifty  feet  in  tliickness ;  which  is  not  pnniic«« 
as  has  often  been  stated*  The  beds  of  lava  and  t»ff,  above  mentioned, 
aie  aeeomolated  in  great  nnmbeis  one  upon  another,  and  of  nneqoal 
diiekness ;  aldiongh  disposed  with  great  regularity,  when  viewed  as  n 
whole,  they  are  found  to  be  discontinuous,  as  in  Vesuvius,  when  any  par* 
tieolar  mass  is  traced  lo  some  distance. 

Before  discussing  the  merits  of  the  theory  proposed  to  acconnt  for  the 
structure  of  this  volcanic  group,  it  will  be  desirable  to  pivo  a  briti'  sketch 
of  iUs  history,  so  far  as  ii  is  known.  Pliny  relates  thai  ihe  separation  of 
Tljcrasia  from  Thera,  or  Sunlorin,  took  place  after  a  violent  e:irihfin:ilie, 
in  the  year  233  hprf>re  the  Christian  era.  From  litis  work,  ami  uifior 
authorities,  we  aU(i  It;irn  that  t!ie  year  196  B.C.  gave  birlh,  in  iho  nmidle 
of  the  gulf,  to  Hiera,  or  tite  Sacred  Isle,  still  called  iiiera-Nisos,  or  some- 
times  Palaia  Kameni  (Old  Burnt  Island).  There  seems  to  have  been  no 
emptton  then,  but  simply  an  upheaving  €»f  solid  lava.  In  the  year  19  of 
evr  era,  Thia  (the  Divine)  made  its  appearance  above  the  surface  of  the 
waters.  'J'his  small  island  has  no  longer  a  separate  existence,  having 
been  joined  to  Hiera,  from  which  it  was  only  250  paces  distant:  Hiem 
itself  Inereased  in  size  in  726  and  in  1427.  In  157S,  the  small  island  of 
liicra-Kameni  appeared,  a  small  cone  and  crater,  100  feet  high,  raised  by 
soccessive  ejections. 

On  the  27th  of  September,  1650,  there  was  an  eruption  three  or  four 
miles  north  of  Santortn,  altogether  outside  of  the  gulf,  immediately  after 
violent  earthquakes.  It  gave  rise  lo  no  new  islet,  but  greatly  elevated 
the  bottom  of  the  sea  on  the  spot.  The  eruption  lasted  three  months; 
many  houses  on  Santorin  were  destroyed ;  and  the  vapours  of  sulphur 
and  hydrogen  killed  more  than  fifty  persons,  and  more  than  1000  domes- 
ticated animals.  A  wave  llfly  feet  hirrh  broke  upon  the  rocks  of  ttie  I.sle 
of  Nio,  about  four  lean^ues  distant,  and  advanced  350  yards  into  the  inte- 
rior of  the  island  of  Sikino,  which  is  seven  leagues  off.  The  sea  also 
broke  upon  Santorin,  overthrew  two  churches,  and  exposed  to  view  a 
village  on  eaeh  side  of  the  mountain  of  St.  Stephen,  both  of  which  must 
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bm  been  mrwiielmed  by  tbowen  of  volcanio  mattar  during  aooM 
Ibratr  eniptioii.* 

LtfUy,  in  1707  «m1  1709,  Nea  Kwneni  was  prodnoed  betwM  Palaia 

and  Micra  (old  and  lesser)  Kamenia.    Thit  iile  was  cooipoaed  originally 

of  two  distinct  paru^  ;  ihe  first  which  rose  was  called  the  White  Island — a 
mass  of  pumice,  exlreniely  porous.  Goree  liic  Jtiuit,  who  uus  liitii  m 
SaiUorin,  says  that  the  rock  *' cut  like  bread,"  and  that,  when  the  inlmb- 
ilaiii^i  landed  on  it,  they  found  a  multitude  of  full-grown  fresh  oysters 
adhering  to  u,  winch  they  eat.t  This  island  was  afterward*  covered,  in 
great  part,  by  the  mattor  ejected  from  the  crater  ul  the  second  island, 
produced  at  the  same  time,  called  ''Black  Island,"  being  composed  partly 
of  brown  trachyte.  This  volcano,  now  named  Nea  (or  New)  Kameni, 
continued  in  eruption,  at  intervals,  daring  1711  and  1712,  and  formed  a 
«one  dSO  feet  abofe  the  level  of  the  aaa:  there  are  now*  therefore,  two 
ohanneb  of  direet  communication  between  the  atmoephere  and  volcanic 
foei  beneath  the  group  of  Santorin ;  namely,  the  cralem  of  New  and 
Lilde  Kameni. 

A  cnrione  fact  ia  mentioned  by  M.  Firietv  reapecting  the  aoppooed  alow 
and  progreaaive  riae  of  a  aolid  ridge  al  the  bottom  of  the  aea.  Twenty 
yeaia  ago  theie  waa  a  depth  of  fifteen  fathoma  of  water  between  the  ieeaer 
Kameni  and  the  port  of  Phira  in  Santorin.   In  1880,  when  MM.  Virlet 

and  Bory  visited  the  spot,  there  waa  only  a  depth  of  between  three  and 
four  fathoms;  and  they  found  that  the  bottom  consisted  of  a  hard  rock, 
probably  trachyte,  measuring  about  eiglu  liuiidjtjd  yards  troin  E.  to  W» 
and  five  hundred  only  from  IS.  to  S.  Beyond  this  the  sea  deepens 
rapidly  on  all  sides.  From  these  facts,  and  from  inlorniatioii  obtained  on 
the  spot,  M.  Virlel  infers  ihat  the  bed  of  tiie  sea  is  rismii;  i;rLuUially,  and 
that,  in  all  probability,  a  new  island  may  one  day  appear  without  com- 
motion above  the  surface.  He  suggests  that  the  solid  crust  of  rock  now 
slowly  rising  may  resemble  a  oork  carried  op  by  the  fermentation  of  tiie 
liquor  on  which  it  floats.^ 

After  the  explanation  before  oflrered§  of  the  mode  in  which  the  aemi* 
circular  escarpment  of  Somma  originated,  it  ia  almost  needleae  to  any  that 
I  regard  the  three  islands  which  encircle  the  gulf  of  Santorin  aa  nothing 
more  than  the  robs  of  a  great  volcanic  cone,  the  aummit  of  which,  like 
that  of  the  ancient  Veanvius,  or  of  Barren  laland,  has  been  dcatioyed; 
and  aa  to  the  amall  volcanic  islets  thrown  up  since  the  historical  era,  m 
the  centre  of  the  golf,  they  may  be  compared  to  the  modem  cone,  or 
rather  conea,  of  Veauvius, 

•  Virlet,  Bull,  de  U  Soc.  O^ol.  de  Fraaoe,  torn.  iii.  p.  103. 

t  Phil  Trans  ,  No.  m  |  See  M.  Virlet's  Menoir,  befoce  dtod. 
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Y^m  Baeh  ipypoiii  Ibit  a  aotid  done  of  tndiyto  k  now  liniif  in  tbt 
antra  of  tbe  bty,  nd  thst  tlia  eipuKira  ime  fkoai  balaw  wiU»  4im  dajt 
Imnt  an  openi^,  and  caw  tha  opIilM  raeka  ta  dip  on  all  aidaa  fian 
widkia  ootwaida.*  It  waald  ba  an  anpiafitabla  taak  to  tpaeolata  aa  tba 
mada  la  whicb  tba  watar  OMy^iiow  ba  ahaaliag  la  tba  aaalia  af  tba  galf 
of  Saatofta*  ar  an  tbe  poaaUda  foraia  wbteb  tba  apliftad  iMaa  may  aaaaaia. 
Undaabtadly  tba  paioaa  naaa  of  wbila  paauea  aphesvad  in  1707  (see  p. 
364],  implies  the  partial  elevation  of  eolid  matter,  and  may  be  compared 
perhaps  to  the  solid  crust  of  scorife,  which  is  often  capable  of  supporting 
heavy  weights  on  the  !-urfacc  ol'  !ava  ("urrcals  isull  ui  iiK-tion,  Sucli  d;ila 
are  far  too  Kcanty  and  obscure  u>  lorm  a  sohd  fouudauon  i'or  the  ilieory 
DOW  uuder  dlsctission. 

It  is  naturally  objected  by  M.  Virlet,  thai  if  a  mass  like  Saiitorin, 
which,  incluiijiifi^  its  submarine  fouDdaiions,  muiit  be  from  J 700  to  2UU0 
feet  in  ifnckness,  was  suddenly  and  violently  heaved  up  trorn  a  horizon- 
lai  position,  we  might  expect  to  find  the  rocks  traversed  every  where  with 
rents  which  would  diverge  (nm  tha  principal  aantia  of  OMvaomU  to  tba 
ctfenialerence  of  the  circular  area.    But  these  lanta  are  wantiaf »  aa  aia 
all  iifaa  af  tba  abattering  aad  diitocatiaa  af  tba  mass.   At  the  same  tima 
be  adduces  a  fact  which  matt  aaialy  prora  oaaalaaive  against  the  notion 
of  the  islaad'a  baviag  baan  fonnad  ia  any  othar  ntoda  tbn  tbat  by  whiob 
aa  ofdiaary  aona  la  aaaoMlalad*  In  axaalnlag  tba  vaiioaa  eanaata  af 
lata  (tba  anatanaa  af  wbieb  waa  aakaowa  to  Voa  Baabt  wbo  bad  aol 
vialtad  Saalarin),  it  waa  taad  tbat  tba  ^atdaa,  ar  pana  wbleb  abaond 
in  tbaai,  aia  langtbenad  la  tba  aatafal  dicaaiiooa  m  wblob  tbay  waokl 
natnrally  ba  diawn  aot»  if  tba  aMltad  inatiar  bad  dowad  tawaida  didbraat 
pouta  of  tba  aavpaaa  IWhb  dia  aanit  of  a  aaaieal  aiaantamt  of  wbiob 
tba  ptaaaat  idaada  were  the  baae.   Tba  fiMrca  of  thia  aignaMat  will  ba 
appreciated  by  those  who  are  aware  that  bubbles  of  eonfinad  gaa  ia  a  flald 
in  motion  assume  an  oval  form,  and  that  the  direction  of  the  longer  axis 
coincides  always  wuh  ilial  of  the  stream,    ll  is  also  observed  by  M. 
Virlet,  thai  if,c  deep  stratum  of  wlilio  lufaceous  conglomerate  by  which 
all  the  islaiulti  are  unilormly  covered,  may  well  be  supposed  to  have 
raifulted  from  heavy  showers  of  pfpciid  inntler  which  fell  during  that 
paroxysmal  explosion  by  which  liie  great  cone  was  originally  biowa  up» 
truncated,  and  emptied  in  its  interior. 

The  manner  in  which  the  external  walls  were  separated  into  tliree  dis* 
tinet  ialaoda  ia  aasUy  conceived.  Tba  principal  breaches  are  to  the  N.  W., 
tba  quarter  most  ezpaaed  to  tha  wavf>s  :md  curranta.  On  this  side»  tba 
earthquake  of  233  s«o.t  aiaationad  by  Pliny,  may  hava  eaaaad  a  fisaoiCv 
wbiab  ailowad  tha  wa?aa  aad  aanaata  to  paaatrata  and  sweep  away  tha 
iaeoberaot  tafia  aad  conglomeratea,  joat  as  tbay  washed  away  Giaham 

*  Peggtadorfs  Aaaalea,  1636,  p.  188. 
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Island  ;  and  if  there  happened  to  be  little  or  no  lava  at  certain  poiuts,  the 
waves  would  in  such  places  readily  force  a  passage.* 

The  dimension^  of  the  Gulf  of  Santorin,  or  the  Cnldera  of  the  T?]e  of 
Paima,  are  not  grf':itf'r  than       may  suppos^e  lo  result  Iri'tn  the  truncation 
and  cvacnntion  of  ordinary  volcanic  cones.    We  shall  alterwards  see  that 
Pnpandayang,  formerly  one  of  the  loftiest  volcanos  in  Java,  Icwt,  in  I7T2. 
about  four  thousand  feet  of  its  former  height.f    During  an  eruption  in 
1444,  accompanied  by  ft  treoiendoat  earthquake,  the  summit  of  Etna 
was  dMiroyed,  and  tQ  tnt/mwu  erater  WM  ie(^  from  which  lata  flowed. 
The  aegment  of  that  crater  may  still  be  eeen  near  the  Casa  Ingtose,  nnd, 
when  eoinp]ete«  H  mutt       neiMied  eeveral  milea  in  diameter*  The 
eone  was  aifterwardi  repaired ;  hot  thie  might  not  eo  eaeily  hm  happened, 
had  the  saaimit  of  Etna,  like  Btromboli  or  Saotorin,  been  placed  in  a  deep 
iea;  for  in  that  ease  the  venl  night  have  beeome  choked  np  with  atnta 
.  of  aand  and  conglomefale,  ewept  in  by  wavei  and  currents ;  and  these 
cAMtroetions,  by  augmenting  the  repressive  foree,  would  hmv«  inerensed 
the  violenee  of  sobsequent  explosions.    There  is,  nnqoesttonably,  a 
mnch  greater  probability,  when  the  volcanle  vent  eommonieates  with  the 
atmosphere,  that  a  channel  will  be  kept  open  by  elastic  fluids,  whereby 
currents  of  lava  may  escape  without  resistance,  and  without  causing  any 
violent  commotion.    Lei  us  suppose  ilie  large  Etnean  crater  of  1444  to 
have  been  choked  up,  and  again  truncated  down  lo  the  upper  margin  of 
the  wnndv  region;  a  circular  basia  would  thus  h^ve  been  formed,  thirtv 
ItTilinn  rniles  in  circumference,  exceeding  by  five  or  six  miles  the  circuit 
of  the  Gulf  of  Santorin.    Yet  we  know,  by  numerous  sections,  tliat  the 
strata  of  trachyte,  basull,  and  truchytic  breccia,  would,  in  that  part  of  the 
great  cone  of  Etna,  dip  on  aU  aides  off  from  the  centre,  at  a  gentle  angle, 
to  every  point  of  the  compass,  except  where  irregularities  were  occa- 
sioned, at  certain  points,  by  the  occurrence  of  the  small  buried  cones  b^ 
fore  mentioned.   If  this  gulf  were,  then,  again  choked  np,  and  the  vest 
obstructed,  so  that  new  explosions  of  great  violence  should  truncate  the 
cone  once  more  down  to  the  inferior  border  of  the  Ibrest  xone  of  Etna, 
the  cireumfbreiiee  of  the  gulf  would  be  fifty  Italian  m{les.t  Yet  even 
then  the  ruins  of  Hm  cone  of  Etna  might  form  a  eireolar  island,  entirely 
composed  of  volcanic  rocks,  sloping  gently  outward  on  all  sides,  at  a  very 
slight  angle;  and  this  island  might  be  between  seven^and  eighty  English 
miles  in  its  exterior  circuit,  rivalling  Palma  in  fertility;  whOe  the  eireo- 
lar bay  within  might  be  between  forty  and  6fty  miles  ronnd. 

If  a  diflcrence  in  size  alone  were  a  suflicicnt  reason  for  seeking  a  dif- 
ference in  origin,  we  should  tlicn  be  called  upon  to  refer  llie  innermost 
cone  of  Vesuvius,  thrown  up  in  1828,  to  a  mode  of  action  disunct  irom 

•  yirtet,Ibid.  t  Beeehap. an. 

X  For  the  measarements  of  different  parti  of  the  cone  of  Etna,  laa  TwIiaSo  M 
BosoJii  del'  JBtaa,  Beuderi,  Aetl  ileO'  Acad.  Gioo.  da  Ostan.,  voL  L 


Digitized  by  Go  ^v,i^ 


€fc.XIIl.]  TOEOBT  or  nSVATIOII  OUTOia.  m 

tfaat  by  whieh  the  hrgtr  e«ne  of  the  ymt  79  wm  fomeili  wA  the  ihif^ 
ind  stracUire  of  this,  ag«int  mif  ht  be  ettributed  to  a  leriee  of  operalione 
distinct  from  those  to  which  the  otttemeel  cone  end  eecarpment  of  Somme 
weie  doe.  It  k  exUraordinary  that,  aAer  the  identity  of  the  form  and 
structure  of  Yeeonos  and  Somna  had  been  eo  clearly  demoostraled  by 
IL  Neeker**  one  of  these  cones  shonld  actually  have  been  eonaidered  by 
some  of  the  followers  of  Von  Buch  as  an  Erhebungscralere/'  uud  ihe 
other  as  a  cone  of  t:ru[jiion.    (See  Fig.  24,  p.  318.) 

Had  there  been  any  foniulniioii  for  llie  theory,  that  violent  explosions 
of  gas  could  exert  the  powt  r  dl  rinsmrr  uj)  liunzonuil  £>ira!;i  syiimielricnl! v 
round  a  central  cavity,  numerous  exam[)It's  would,  ere  iWis,  have  been 
adduced  of  strata  other  tJmn  volcanic  elevated  in  this  way  round  some 
active  volcano.    But  where  do  we  find  an  instance  of  inner  cones  with 
craters  like  those  of  Vesuvios»  Santorin,  Darren  Islandy  and  others*  en- 
circled by  precipices  of  rocks  exclusively  of  lacustrine  or  marine  origin, 
and  m  which  tlie  strata  have  the  quaqua-veraal  dip«  ebaracieriatic  of  all 
cones  of  eraption  ?   If  auch  could  be  pointed  ont«  we  might  undoubtedly 
be  forced  to  concede,  that  tlie  cone  and  crater-like  configuration  may  be 
the  result  of  two  diatinct  modes  of  formation.   It  ia  not  pretended  tliat» 
on  the  whole  face  of  the  globe*  a  aingle  example  of  this  kind  can  be 
pointed  out   Are  we  then  called  upon  to  believe  that,  whenever  elastia 
fluids  generated  in  the  subterranean  regions  burst  through  horixontal 
•trata,  ao  as  to  upheave  them  in  the  peculiar  manner  before  adverted  to, 
they  always  select,  as  if  from  choice,  those  spots  of  comparatively  insig- 
nificant area  where  a  certain  quantity  of  volcanic  matter  happens  to  lie  ; 
wliilc  tliey  carefully  avoid  purely  lacustrine  and  marine  airaia,  although 
they  often  lie  immediately  contiguous?    Why,  on  the  southern  borders 
of  i.he  Limagne  d'Auvergne,  where  several  eruptions  burst  through,  and 
e'cvated  the  horizontal  marls  and  limestones,  did  these  frfsh-waier  beds 
never  acquire,  in  anv  instance,  a  conical  and  crateriform  disposition  ?  We 
have  no  hesitation,  therefore,  in  adhering  to  the  opinion,  that  all  Uie  cen- 
tral cavitiea  of  the  volcanic  mountains  alluded  to  by  Von  Buch,  are  simply 
craters  of  paroxysmal  explosion,  as  they  have  been  very  properly  termed 
by  Mr.  Scrope.    This  class  of  craters,  or  cnp-shapcd  hollowa,  have 
Qsually  been  formed  where  the  earth's  crust  happened  to  be  composed  of 
volcanic  matter;  but  not  alwaya.   Elastic  fluids  have  sometimes  burst 
dirough  rents  in  other  rocks,  and  have  ahattered  them  for  a  certain  spaee» 
and  blown  their  contents  into  the  air.   Thua  in  the  volcanic  region  of  tlie 
Eifel,  exploaions,  sometimes  unaccompanied  by  the  emiaaion  of  lava,  have 
excavated  cratera  in  strata  of  sandatone  and  shale ;  but  they  have  not 
raised  the  strata  all  round  the  central  cavity.   The  diatinctness  of  these 

*  Momoirc  sur  1(>  Mont  S omnia,  M^m.  de  1&  Soc.  de  Fhys.  et  d'Hiat.  Nat.  de 
Geneve,  torn.  ii.  part  i.  p.  luo. 
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phenomena  ftiem  thoee  tppeaM  le  in  eotiobonUen  of  Ibe  **EiMmi^ 
eieieie**  wiU  be  {pointed  out  in  the  Fourth  Book.* 

An  attempt  has  been  made  to  adduce  the  ancient  tolcanos  of  Central 
France,  the  Mont  Dor,  uud  lIjc  Piuiiib  du  C'aiiial,  us  iliuiirauons  of  eleva- 
tion craters,  but  it  has  been  found  necessary  to  resort  to  a  very  compli- 
cated hypoilteais  in  order  to  reconcile  their  form  and  structure  to  the  con- 
ditions required  by  the  elevation  theory.  M.  Prevoai  had  remarked  lh«t 
the  Uiii  kiiess  of  volcanic  mailer  is  mueli  more  considerable  in  the  centre 
of  tiiLsu  masses  than  at  their  circumference,  for  M  ihc  r  cnirc  there  are 
seciions  several  hundred  yards  deep  of  trachyte  and  lurtaceous  breccias, 
while  round  the  borders  there  are  only  thiu  deposits  of  tuff  and  basill 
eovering  the  faodamental  rocks,  whieh  in  the  ciee  of  the  Mont  Dor  are 
graniie,  in  the  Canul  tertiary  marl  and  liineeUHie«  and  g^raoitic  schiett 
These  fundamenlal  loeke  era  themselves  quite  exposed  at  the  surface,  as 
el  X  (Fi$>  tS.),  ee  eoon  ee  we  reoede  fnm  the  bordeie  of  the  ynHmmk 
legioii.  We  eimiotttberarora,edau(tbeeolneloonligQiiiknief  iionlDer 


end  the  Centel  to  have  been  the  effeel  of  e  violent  opheetel  of  ^nnit 

materials,  previously  horizontal,  unless  we  are  prepared  to  suppose  that 
these  materials  first  filled  deep  basins  or  hollows;  of  a  nearly  circular  form, 
of  which  a,  d,  c  (Fig.       may  be  taken  as  a  section,  and  afterwards  the 


elevating  force  meet  have  been  applied  precisely  at  the  point  whero  the 
thickneea  of  igneooe  roek  was  greatest,  or  at  d,  and  with  eneh  energy  at 
to  invert  the  original  poeition  of  the  cone,  and  to  cause  the  mees  to  occupy 

the  space  a,  b,  c,  instead  of  a,  t/,  c. 

These  consequences  were  proposed  as  fatal  objections;  but  Monsieur 
Elie  de  BcauiiioiU,  while  fully  aduiaiing  them,  denies  that  they  invalidaie 
Von  Bnch's  ilieory.  He  assumes  that  in  Auvergne,  Cantal,  and  Velay, 
deep  dtjiresMuiis  did  actually  exist  just  in  ilie  spots  wberp  l!ie  three  vol- 
canic mountains  of  Mont  Dor,  Cantal,  nnd  Mt  z(  ii  now  rise.  Enipfions 
took  place  at  pcailered  points  near  the  margin  or  on  the  sides  of  these  de- 
pressionst  so  that  trachyte*  basalti  pumice,  and  scorie  were  emitted  froa 

•  See  Index,  "  Eifel." 

t  Miin.de  la  aoe.<HoLdtI^nBM,tott*tt.pb9J. 
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dStetbgrnd^fmUt*  The  fiiiad  liiwhli  itoifdl  Jwra,  <h»  •^<didliwf» 
neiiti  nrf  aotite  wm  iM^Md  bjr  niai,  to  m  to  — iwiiiili  to  gwv 
est  tWilmiw  lowavdi  di«  emtnl  or  Jofwit  ptit  of  ooth  bmkn.  In  this 

manner  the  conical  or  lenticular  forms  of  the  future  volcanic  mountains 
were  first  cast  as  it  were  in  a  iiioultl,  sunk  iii  granitic  or  tertiary  rocks, 
until  the  linic  arrived  when  the  faseons  power  was  so  direcieJ  a|Taii$st  the 
V(:»lcaiinc  afCiJiiiulatioiifc,  ihat  they  wen?  rent  and  thrust  up,  and  rnado  to 
present  a  convexity  upwards  instead  of  do wn wards.    During  this  up- 
heaval the  bfds  Hcq^iired  their  actual  djp  on  every  side  away  Irnin  the 
principal  point  of  elevaiion.    h  is  not  stated  whether  the  concavity 
a,  by  e,  (Fi^.  S9.)  which  must  have  been  occasioned  by  the  uplifting 
of  the  ifneoufl  rotkt,  aod  their  reoMNral  to  c,        veoniM  «t  present 
wok  mofty  tpioe*  or  whether  the  spnce  hii  tiMO  Weo  occupied  by 
othor  OMttnrt  aad  If  so,  bj  whot   Nor  is  any  reason  assigotd  wkfr 
in  ofOfy  imtaBeo*  tho  lovoit  point  of  omIi  boiiii,  wkotiior  oooipoiod 
«f  grmiti  or  othor  rock*  thodd  htppon  to  bo  the  point  of  nmiMm  oIop 
vstioo  dniinf  o  iobtoi|O0nt  piooeti  of  ■ubtefiBBecn  osponoioB*  Wo 
■ligliti  poriiapft  fcoliofo  in  ono  IbrMftono  oolooidonoo  of  tliii  fcM»  anC 
front  timt  Ao  dflopeit  pari  of «  pio-oiailin^  iMlin  huppenod  to  lio  tho  p«inl 
^  Icort  rwiatineo  in  tho  wholo  noighboorbood,  or  might  ovon  imgino 
Ant  It  fomoinod  to  aftor  it  mo  loodod  by  tho  weight  of  n  thooomd  Ibot  oo 
more  of  solid  bMalt  and  breeola.  Bot  how  can  wo  suppose  that  in 
several,  nay,  in  hundreds  of  cases,  the  gaseous  explosion  should  break 
forth  precisely  where  some  original  depression  was  deepest,  and  u  here 
the  surface  was  afterwards  loaded  with  the  greatest  mass  of  voicaoio 
■Batter! 

In  conr!^  and  craterR  whirh  we  fiave  seen  prodnceci,  or  which  have  been 
augmented  in  size  by  eruptions  of  lava  and  scoriae,  we  know  that  the 
largest  and  heaviest  fragments  fall  nearest  lo  the  principal  vent,  and  that 
thk  io  ono  OMMO  of  the  conical  form  of  tho  heap.  We  know  also  thU 
Um  cnnontf  m  oAen  insuffioiontin  vohuno  or  flnidi^  tooxtend  far  fron 
Ao  point  whom  tlMf  imo,  ond  konoo  aony  onrranti  otop  short  be^ 
oppfoneliinf  tbo  oiRiunfewnpo  of  o  laq|0  oono.  This  it  ano^r  oImM 
MMO  of  tbo  paonliar  ahapo  of  miawMO  noontilnaf  and  tho  io^dlnod  poai* 
tfott  of  tfwir  oomponant  boda  of  jaaL.  In  difoetdaianoaof  flndialrifci«g 
onalogy*  wo  om  leM  that  wo  nmat  loolt  Ibr  tho  point  of  on^ptiont  nol 
whora  lam  and  aootte  oMi  now  aoannnlalod  fa  tlio  graataat  iboadanaor 
frat  anjrwboto  and  ofor>whoro  rafter  than  aft  that  point  1 

It  has  been  and  that  tho  ahooti  of  tradiyta  and  baoalt  on  tlio  Mont  Dot 
and  Cantal  are  too  broad  and  too  thick  to  haro  ooogealed  on  a  riopo 
which  formed  an  angle  of  more  than  three  degrees  with  the  horizon,  and 
that  these  ancient  igneotis  rocks  are  more  compact  and  less  cellular  than 
anodem  lava,  and  that  the  bubbles  of  gas  inclosed  in  them  would  have 
been  drawn  out  into  more  ie^gthened  focins  if  thay  had  flowed  down  ao 
Vot.L--2  W 
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'  ineltn#d  plane  steeper  than  ilmt  al  nvi'  nlluded  to.  li  is  also  niTirmed  that 
modern  lava  streams,  when  they  run  down  the  sideaofa  cone,  lorin  oiiv 
a  narrow  ^trram  or  thread  of  melted  mailer.  In  reply  T  may  observe, 
that  the  imrnbor  of  nccurale  ohf^prvations  on  the  cfiecls  of  moilerii  erup- 
tions is  too  scanty  to  enable  a  geologist  to  insist  on  such  points  of  dis» 
etrdmncet  although  we  know  enougli  to  show  that  some  of  them  have 
been  esnggenled.  We  learn  from  Mr.  Abioii,  who  witnMMd  ihm  erajh 
lioil  of  Vesuvius  in  1833  and  1894*  ibAlUva  ooatolidHodi  on  a  very  steep 
dope,  aad  Ihat  tiM  bedt  liaviiif  om  over  anollMr  pvtserved  thatr  pmlp 
IoUmi  AMD  top  to  bottom  of  tho  eono,  without  aaj  viiiblo  diflbmce  of 
tUokMV.  Ho  dote  Oiil  tltoy  oiiMd  aaj  iMtoej  to  m  off  Ao 
OMO,  wd  itilM,  m  iodoad  olbem  hod  olotod,  that  IbowoiiBl  of  deoltfilf 
on  wUeh  kva  it  oopaUo  of  booo«iof  Hxad  or  ooogoalod,  dopoodo  aliooft 
OtttMy  on  Ibo  dogioo  of  il»  orifiiial  fliildily,  whwh  fi  oxeoodiiigljr  witp 
tdo.*  Sir  W.  Hmillooliod  lolaiod  diot  on  ToMviw*  is  1719  oad  1791, 
dio  lofo  thrown  op  in  jolt  into  tho  air  wao  atiU  lod  hoi  whan  it  fUl  down 
again  upon  tho  ooooir  whieh  it  invoalod  with  oao  eooiplolo  1>od7  of  fiva. 
(See  p.  816.)  From  Meh  showers  may  result  continuous  envelopes, 
if  not  of  lava,  at  least  of  solid  scorie,  the  half-melied  fragments  being 
known  to  cohere  toi^'ether  into  one  ni;isa,  ais  ihey  cool  aromul  the  venl. 
It  is  also  stated  tliai  m  some  eruptions  large  portions  of  the  upper  rim  of 
the  crater  broke  down  suddanly*  so  that  a  broad  sheet  oi  lava  descended 
the  Hanks  of  ihe  cooe. 

The  sections  seen  on  the  llanks  of  Mont  Dor  and  Caiital  arc  noi  aufli- 
ciently  numerous  to  enable  a  geologist  to  trace  with  cerlainty  the  con- 
tiaoity  of  the  same  flows,  and  to  prove  their  precise  identity  at  '*\'^r* 
polnta.  Tho  Bambar  of  difiereni  boda  ia  oztraniely  gioat»  especially  naar 
tha  oaotre  and  summit  of  each  iBonnlain$  and  wo  aao  tnfla  altematiog 
agafai  and  again  with  baaall  and  tiaohyte*  Oftan  on  tho  oppoaim  aidaa  of 
tho  sama  valley  in  tho  Cantal  tho  tafia  and  lavas  by  no  laaana  oolnddab 
bod  for  bad. 

Aatothotaxmitof  tho  mora  anoiant  ignaooa  rDoha»  it  nwy  bo  adni** 
tad  that  thay  ara  goDoially  nova  aonpaet;  yot  thoy  om  aonioliBMo  vaiy 
porona*  and  oaeaatonatty  axhabil  algna  of  having  baan  in  motion.  On 
tho  mhor  hand  aama  modom  lavaa  of  Eton  aia  oxtreaMly  oompaot.  Thia 

idiaraettr  may  probably  ba  modillad  in  part  by  mineralogical  oomposition, 
and  the  degree  of  fluidity  of  different  varieties  of  lava  and  the  quantity  of 
gas  contained  in  them,  as  well  as  by  the  declivily  of  the  surface  on  which 
they  cool.  That  the  ancient  lavas  of  IVaiice  .should  differ  in  mniiy 
respects,  and  particularly  in  composiuoi),  Iruiii  those  now  llowing  Uoia 
Vesuvius  and  Etna,  is  natural,  since  we  are  told  thai  the  active  volcauos 
of  the  Aiidcri  produce  lavas  quite  distinct  from  those  of  Europe,  both 
aoeieat  and  modern.   According  to  Von  Bucb«  the  American  volcanic 

•  BnUstin  de  la  800.  Old.  da  Iteace,  torn.  vii.  p.  4a 
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loeks  eontsin  generaily  aibite  instead  of  common  feUpar  as  a  principal 
ingredient.* 

But  may  not  some  large  volcanic  cones  have  been  suhjecled  lo  a  cer- 
tain amount  of  forcible  eievalion  produced  by  the  local  earthquakes 
generally  felt  during  and  before  eruptions  ?  This  may  be  conceded,  for 
we  freqnontly  see  that  the  nine  fofM  which  drives  lava  up  the  central 
Tent  has  power  to  rend  the  eooe,  and  nia]r»  therefore,  in  some  cases,  till 
the  beds  so  as  to  raise  them  and  increase  their  original  slope.  Some 
COMB,  therefore,  may  have  had  llietr  central  maea  eneoeeaiveljr  opheared 
te  a  certain  eitent,  whUe  they  were  thickened  ontweidlj  by  new  ahow* 
em  of  ecom  and  lata  etraama*  But  althongh  Ihia  theory  of  elevation 
aad  partial  dialocation  accompanjring  aBcceMive  enipliona  may  be  called 
in  to  explain  certain  phenomena,  it  may  be  regarded  only  aa  a  anbaidiary 
and  enliordinate  hypotheaia,  eruptiona  akme  withont  upheaval  being  the 
prindpai  and  oAen  the  aole  canae  of  volcanic  conee  and  crsleie* 

It  remaina  to  conalder  how  the  analogy  of  certain  tnusle  which 
have  a  dome-shaped  configuration,  and  have  been  called  valleys  of  eleva- 
tion, lend  any  support  to  the  elevation-crater  theory.  The  ineauing 
aUaclicd  to  the  term  valleys  of  elevation  will  be  fully  understood  by  study- 
ine"  the  '21  at  and  22d  chapters  of  the  Fourth  Book.  It  is  not  disputed  that 
horizontal  strata  have  ui  this  case  been  upheaved,  in  stich  a  manner  as  to 
dip  off  in  ail  directions  from  a  central  nucleus;  but  generally  this  phe- 
nomenon is  only  a  modified  form  of  tliat  kind  of  linear  upheaval  to  wlueh 
mountain  chains  owe  their  origin.  Such  protuberances,  therefore,  are  m 
their  normal  form  eiliptical,  rather  than  circular,  although  occasionally 
ifaey  reeemble  or  may  even  be  identical  in  outward  shape  with  certain 
volcanic  cones.  But  the  analogy  fails  in  many  eaaential  particulars.  Tim 
volcanic  mass  (Fig.  38.)  ia  thickest  towards  the  centre,  and  thins  out 
roond  the  circomfeienoe  el »  ».$  but  in  the  Elevation  VaUey  (Fig.  40.) 


Fig.  38. 

e 

£iMM 

lisn  r«0cf 

Fig.  40. 

 ^c^->  

there  is  no  such  thinning  out  of  the  formations  found  in  the  middle  of  the 
elevated  tract.  In  the  one  case  (Fig.  38.)  the  fundamental  rock  c  makes 
Its  appearance  at  the  suiface  at  XfXg  but  in  the  other,  on  the  contrary 

*  Poggendorf 's  AaaaleB,  1886,  p.  190. 
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(Fifw  46(.)  ike  ttrata  forming  the  ni^tiM  c  «re  reoRHied  farthest  from  Hm 
surface  below,  x,  x.  In  both  instances  there  may  be  a  central  depress^ 
ion,  but  in  the  Elevation  Valley  il  ia  caused  partly  by  lri;.ciui'e  aiid  pa.ruy 
by  denud&liuii ;  and  if  the  ceniral  tiydnn  ur  nucleus  happens  to  be  com* 
posed  of  some  hard  rock,  there  is  then  a  ridge  ur  eminence  in  the  middle 
inetead  of  a  depression.  Sometimes  a  steep  escnrptiuMit  siuToujids  ih# 
valley  of  r^levation,  luit  not  always,  and  wiicii  such  clitl",-i  exist  liiey  are 
pnocipaiiy  due  to  dcMuubiiDn.  I'hey  are,  moreover,  usually  intersected 
by  open  ravines,  caused  by  cross  fracture*  and  faults  running  at  right 
oigbi  ike  lo»g^  ^iMntlir  of  tlui  sUips e,  which  cross  fraotms  at 
VHMilgi  as  before  observed,  in  the  so-called  craters  of  elevation. 

MbimU  Owyiiiiiiii  ^  Volcanic  Protktdt^The  mineral  Oiiled  fel* 
sfwr  foitM  IB  fntnl  mm  iktm  half  of  the  mass  of  moioni  law.  Wbso 
illt  M  giPtt  oMoii,  htnm  m  ooMod  twwiqrtio  i  tliajeogoiH  fMniaUyof 
•  biiO  of  aowponi  lokpirt  in  »Mi  oryitab  of  fkoif  Mtpu  an  db- 
MiiMiii.*  WImi  aogiiB  (or  mnoKOM}  pwdiiMiooiio,  tofio  m  (oiawl 
Mlic.  B«i  ollM  «r  M  ioModiMo  otttpotttian  ooon,  wUoli 
Aolr  ooiour  kavo  boott  oaUad  gray-moai.  Tbo  ojamdaaoa  of  ^oaili» 
loMMng  riiaHoat  afyolak  or  ooaawikiBO»  oiMtfastarciSa  tha  gtaaitie  aod  tdkm 
MloBftioduit  now  geaondlf  oootldrfed  by  geologists  as  of  igooooa  origk: 
vhonaathal  niaocal  la  raialf  oittbiled  iaa  saparaie  form  in  recent  lavas, 
although  silica  enters  largely  into  their  composition.  Hornblende,  so 
common  m  hypofftMic  rocks,  or  those  commonly  called  *'  I'riiuary,"  is 
rare  HI  rnoUcru  hiva  ;  lior  Uoe«  it  enter  largely  into  rorks  of  anv  a?e  iu 
whicti  nubile  abounds.  It  bii(*uiU,  hoivever,  he  siiiied,  iliat  the  expen- 
mt  iUr^  <d  M.  Qiiptavus  Hme  have  made  it  very  questionable,  whether  the 
min*  ral.s  callud  liurnblende  and  augite  can  be  separated  as  distinct  species, 
as  their  dilierent  varieties  8cem  to  pass  into  each  other,  whetlier  we 
consider  the  characters  derived  froa  thair  aogtea  of  crytallisation,  their 
chemical  composition*  or  thair  specific  gravity.  The  differenea  in  Ibm 
of  the  two  substances  may  ba  explained  by  the  diflerent  circumstanaas 
under  whieh  Ibey  have  been  produced ;  the  fom  of  hornUando  being  the 
laault  of  slower  oooling.  Otyetala  of  aogiie  have  been  mel  with  in  die 
aooris  of  farnaeasy  but  new  iboae  of  hornblende;  and  crystals  of  ai^ 
have  been  obtained  bj  malting  hornblende  in  apialian  oneHrio*  bni  hen* 
Uende  itaelf  haa  not  been  ibnnod  artifieially^t  Uica  ooenit  plnitilttlly  in 
aone  reeani  tnebytea,  bnl  la  laialy  present  where  augiu  ia  in  anceeai 

Ihqumcy  qf  erupHmu^  mtdftaiunef  nAUrrmmnigtmam  rodb.^ 
Whan  we  apsnk  of  the  igneoaa  rocks  of  oar  own  times,  we  mean  Uiat 
aauH  poifien  viiofa,  in  violent  eroptions,  is  foreed  up  by  elastic  fluids  to 
tke'anriaee  of  the  oaitfat-— the  sand,  scoriae,  and  lava,  which  cool  in  the 

*  See  Glosttiy,  at  the  end  of  the  iu»t  volume. 

t  Balletia  da  k  See.  GMol.  ds  nwMS,  torn.  ii.  p.  M 
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&fmm.  TIrt  iii  nwiiiit  otiirii  mUmt  Iff  ttolirhrl  tf  miffTiliril  fur 
butrii  te  nuftee  ante  freat  j^VMnm,  equal  lo  that  of  owny  bwidreiv 


Ooriiif  ihe  hUMtary,  aboot  fifty  enipliOM  m  moiM  of  the  life 

European  volcanic  diatricta,  of  YeBavias,  Etna,  VeleaaOi  Santdrifi,  m4 
Iceland  ;  but  many  beneath  the  sea  in  the  Grecian  Archipelago  and  near 
Iceland  may  duubilc.'>s  have  passed  unnoticed.  If  some  of  them  produced 
no  lava,  others,  on  the  coturary,  like  that  of  Skapiar  Jokul,  in  1783, 
poured  out  melted  matter  for  Hve  or  six  years  couscouuvely  ;  which  cases, 
being  reckoned  as  8in<^le  eruptions,  wiU  compeuBaie  for  those  of  inferior 
atrcngth.  Now,  if  we  consider  the  aclive  volranos  nf  Europe  lo  consli- 
tnte  about  a  fortieth  part  of  those  already  known  on  the  globe,  and  calcu- 
kto  ihatf  one  with  another,  they  ara  aboiii  eqsal  in  activity  to  the  baniiif 
SMNUitaiBi  in  other  diatricta*  wo  may  Iben  compute  that  there  happen  on 
the  oirtb  abonl  Ivo  thooiaiid  eniplioiie  in  the  eouioe  of  a  eealmy.  or 
about  tweoty  every  year* 

However  iaoooeiderablet  therefoiey  nay  be  the  enpevfieial  locke  wbieb 
the  opeiatlene  of  fire  prodnee  on  the  eurfaoe,  we  moat  eoppoae  the  anb- 
tarranean  ehaafea  now  eonatanlly  in  pranreaa  to  been  the  grandeetacale. 
Tbe  Mieet  voleanio  eonea  moat  be  aa  iaaignifieaat*  when  eontraaled  lo 
dm  pfodnela  of  fire  in  the  nelber  regiooa,  aa  are  the  depoetta  formed  in 
■haUow  eataariea  when  oooApared  to  aabmarine  formationa  accumulating 
in  the  abysaea  of  the  ocean.  In  regard  to  the  characters  of  these  volcanic 
rocka,  formed  in  our  own  times  in  the  bowels  of  the  earth,  whether  in 
rents  and  caverns,  or  by  the  cooliug  of  lakes  of  melted  lava,  we  may  safely 
infer  that  the  roeks  are  heavier  and  less  porous  thau  ordinary  lavas,  and 
more  crystalline,  although  oonipoacd  of  the  same  mineral  ingredients.  As 
the  hardest  crystals  producetl  artificially  in  ihe  laboratory  require  Uie 
long'tst  iMne  for  their  formation,  SO  we  must  suppose  that  where  the  cool- 
ing down  of  melted  matter  lakes  place  by  Insensible  degrees,  in  the  course 
of  ages,  a  variety  of  minerals  wiU  be  produced  far  harder  than  any  fianned 
by  nauiral  proceeeea  within  Ihe  abort  peiiod  of  Jmshv  obioivallon* 

Theae  aoblenanean  voleanie  rocka,  moreovert  eannot  be  stratified  in 
the  aame  manner  aa  aedimentaiy  depoaita  from  water,  althoogb  it  ia  evi* 
tert  ihm  when  giem  maaesa  oonaoUdate  ftom  a  atate  of  foaioD,  they  may 
inlonatafildlviBioBa;  forlhia  iaaeento  bethe  eaae  in  many  lava 
We  may  aba  espeet  thai  ihe  roeka  in  qoeation  will  often  be 
lem  by  eorUiqealGoa,  ainee  theie  are  eemmon  in  voleanie  regiona ;  and  the 
fiaMM  wiU  be  often  liiieeted  with  aimilar  matter,  ao  that  dikea  of  eiya- 
talline  voek  will  inveiae  maoeee  of  aimflar  eompoeilioii«  It  ia  alao  elear, 
that  no  organie  vemaina  ean  be  Ineioded  in  aoeb  maaaea,  aa  alao  that  theae 
deep-eealed  igneous  formations,  considered  in  mass,  must  underlie  all  the 
atrata  containing  organic  remains,  because  ihc  heat  proceeds  from  below 
upwards,  aiid  the  intensity  required  to  reduce  ilie  mineral  ingrcdieuu  ui 
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•  iltiU  iliti  fluwt  tetioj  aU  oigMio  bodiM    ntlui  M 
ofiham. 

If  by  m  eontinned  mnm  of  almtoiy  wnmmmUMf  muh  wumm  9kA 
hmaflar  be  bravghi  «p  to  dw  MBftee.  is  tbe  iinoanBooraiodiaMnlMj 
Morino  itcato  hovo»  io  tho  oooioo  of  ofOOi  boon  npbiovod  to  Ao  orauutof 

tho  loftieft  moontalBit  it  iinoC  diflbolt  to  fnoioo  wbol  perplexing  profalew 
nay  be  preieoted  to  die  goologiet  Ho  may  tben,  perhaps,  study  im  mm 
mountain  chain  the  very  rocks  produced  at  the  depth  of  seTeral  milei 

beneath  the  Andes,  Iceland,  or  Java,  in  the  tirae  of  Leibnitz,  and  draw 
from  them  the  same  conclusion  which  lliat  philosopher  derived  Irom  cer- 
taiu  Igneous  products  of  high  antiquity  ;  for  he  conceived  our  glnhe  k> 
have  been,  for  an  indefinite  period,  in  the  stale  of  a  comet,  ^^i^lout  aa 
oceaoi  md  uiauUabiUibie  alike  by  aquatic  or  terreatrial  aniisala. 


CHAPTER  XIV. 
waaniitfragw  am  tjuui  aiiocju* 

Barth^ttikes  and  their  efliMts— Deftcien^  of  ancient  accoonta — Ordinaiy  aUDotpberic 

phenomena — Changs  produced  by  earthquakes  in  modern  times  considered  in 
rhronological  order — Earthquake  in  Chili,  183.') — Jsle  of  Santa  Maria  raised  ten 
i\rt— Ohili.  1**22 — ETtent  of  eountry  plrvated  Tp-  tl'*!  )— Aleppo  and  Ionian  Islet 
^LoiLhquake  ui  CuLcii  m  iolU — tiubisideacc  id.  ihs  delta  of  tiie  Indus  (p.  383.) — • 
Xslaad  of  Snmbawa  in  ISUlH-Towa  of  Toiabofo  aidswMgaJ"  Karthyataka  of  Ca' 
taccaa  in  Sooth  Cuoliaa  in  1811— <:;haagoo  in  tho  valley  of  the  Mbnaaippi 
(p.  886.)— ^lontian  Islands  in  1806— Reflectioiit  on  the  furth^piakrt  of  tho  niao- 
feenth  eentary— Earthquake  in  Qiiito|  ^^nebeOy  Ae^--Java»  ITflft  IthlHnf  dmni 
of  kifB  tiaati  Jtfoa  istss,  ITSL 

In  the  sketch  before  eriven  of  the  p^eoi^aphical  boundaries  of  volcanic 
regions,  I  stated,  tliat  although  Uie  points  of  eruption  are  but  thiniy  scat- 
tered,  constituting  mere  spots  on  the  aorlaoa  of  <boaa  vaal  diitiictat  yet 
the  aabterranean  movements  extend  simuICaaMMoly  over  imnonoa  areas. 
Wo  may  now  piooaed  lo  consider  tho  changao  whieh  these  movenMOti 
produce  on  the  surface,  and  in  tbo  internal  structure  of  the  aarth'o  eniit 

Deficiency  of  undent  ae<oiMlt«-*-It  la  only  within  tbo  bat  oaotwry  and 
a-balf,  since  tiooke  fiiat  piomolgated  bio  vlowa  laapooting  tho  ooaaorion 
-'betwoon  gaologieal  phonomona  and  oartbioakoa»  that  tbo  pamManI 
changaaeffeelodbythaaoooDvoIaioaahavooMilodatlBBtioo.  BofiHOthat 
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time  the  narrative  of  the  historian  was  almost  exclusively  contined  to  the 
number  of  human  beings  who  perished,  the  number  of  citiee  laid  in  ruinty 
the  value  of  property  destroyed,  or  certain  ttmofpheiie  appeanncM 
which  dazzled  nr  terrified  the  obcervm.  The  creation  of  a  now  lake* 
the  MigolfiDg  of  a  city»  or  ihe  raising  of  a  now  tclaiid«  m  aonetimes,  it 
k  tmOv  advartod  to»  w  bebg  too  obvious,  or  of  loo  naocfa  goqgraphicd  in* 
mraoty  to  be  pccced  o?er  m  tlleiiee.  Bot  no  lecearehee  were  made  ex- 
preaaly  with  a  view  of  aacertabiag  Ihe  anonnt  of  depreieion  or  devatioa 
of  the  groottdt  or  any  particular  altarationa  in  the  leklive  pocition  of  sea 
and  land  $  and  very  little  distinolion  waa  made  between  iho  rataing  of 
ami  by  volcanic  ejectionat  and  the  nphaa¥ing  of  it  by  forcea  acting  from 
below«  The  aame  itmarii  appliee  to  a  very  large  propwtion  of  modem 
•eeomita ;  and  how  moeh  raaaon  we  hafo  Id  regret  thia  delleienoy  of  in- 
formation appears  from  this,  that  in  every  instance  where  a  spirit  of  aei* 
eniific  inquiry  has  aniraaled  the  eye-witnesses  of  these  events,  facts 
calculated  to  throw  light  on  iurmer  modiiicatiuus  of  the  earth':^  strucUire 
are  recorded. 

J'Jteiwtatna  utlending  carlhtjuakcH. — As  I  shall  confine  myself  almost 
tniirely,  in  tlie  followino;  notice  of  earthquakes,  to  the  changes  broni^ht 
about  by  thcin  iii  Uu!  c-unli^viration  of  the  earth's  crust,  I  may  mention, 
generally,  some  accompaniments  of  these  terrible  events  which  are  almost 
uniformly  commemorated  in  history,  that  it  may  be  noaeccssary  to  advert 
to  them  again.  Irregolarities  in  the  seasons  preceding  or  following  the 
ahocka ;  andden  goata  of  wind*  iotairoplad  by  dead  calmas  violent  raini 
al  nnnaoal  seasons,  or  in  eenntries  where  such  phenomena  are  almost  un* 
known;  a  reddening  of  the  8un*i  disk,  and  a  haaineaa  in  the  air,  oAen 
continoed  for  montha ;  an  OTolation  of  electric  matter*  or  of  indanunable 
gaa  flrom  the  aoiU  with  anlphureoiia  and  mephitac  fapoora;  noiaee  nndep> 
gnmnd,  like  the  mnning  of  carriagea,  or  the  diacharge  of  artillery,  or  die- 
tanC  thnoder  $  animala  uttering  criea  of  diatreaa,  and  e? indng  extiaordinary 
alaim»  being  more  aeaaitive  Uian  men  of  the  alighteat  moToment ;  a  aen- 
aatioo  like  eo^aiekneaa,  and  a  diniaeaa  in  the  headt  ezperienoed  by  men : 
theae,  and  other  phenomena,  which  are  atill  moie  remotely  connected  with 
oar  preaent  aahf«<^  geologists,  bafo  lecnrved  again  and  i^gain  at  die* 
tant  a^es,  and  in  all  parts  of  the  globe. 

I  shall  now  begin  the  enumeration  of  earthquakes  with  the  latest  au- 
thentic narratives,  and  so  carry  back  tlie  sur\(;y  ri'irospcclively,  that  I 
may  bring"  before  the  reader,  in  the  {imi  place,  tiie  niiiuitc  niu!  circura- 
sianiial  ilf  taiU  of  modern  tiroes,  and  thus  enable  him,  by  observing  the 
extraoriijimrv  amount  of  change  wiiliin  the  last  iuO  yens,  to  perceive 
how  great  must  be  the  deliciency  in  the  meagre  annals  of  earlier  eraa. 
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XAimavAm  of  tkb  Kommwru  ubmtuei.* 

GdHf  1835.— The  latest  earthquake  by  which  the  position  of  solid 
lud  M  known  to  have  been  permanently  altered,  is  that  which  occurred 
in  SoQth  Amerioat  on  the  20th  of  Febniaiy,  1835.  It  was  felt  at  all 
plaeeo  between  Copiapo  and  Cbiloe«  fiom  north  to  south,  and  from  Men- 
dosa  to  Juan  Fernaiides,  from  oisl  to  west.  ^  Vessels,**  taya  Mr.  Cald- 
doogb,  **  naflgating  the  Paeifict  within  100  mUet  of  the  oo«at»  experienced 
the  ahock  with  eonaiderable  foree.'*t  Conception,  Talcahnanoi  Chtllan» 
and  other  towna  were  thrown  down.  From  the  aeeooni  of  Captain  Fiti 
Boy,  R.  N.,  who  waa  then  employed  in  anrveying  the  coait,  we  learn 
that  after  the  ahock  the  sea  retired  in  the  hay  of  Conception,  and  the 
▼eeaela  grounded,  even  thoee  which  had  been  lying  in  aeven  fathoma 
water;  all  the  shoals  were  Tiaible,  and  soon  afterwarda  a  wave  mahed  in 
and  then  retreated,  and  was  followed  by  two  other  waves.  The  rertical 
height  of  ihtisc:  waves  dues  not  appear  to  have  been  mucli  greater  lliiiii 
from  sixteen  io  twenty  feet,  although  ihey  rose  to  much  greater  heights 
when  they  broke  upon  a  bloping  beach. 

According  to  Mr.  Caldcleugh,  a  great  number  of  the  volcanos  of  the 
Chilian  Andes  were  in  a  state  of  unusual  activity,  both  during  the  shocks 
aiKl  lor  s(>rne  nine  preceding  and  alter  liie  convulsion,  and  lava  was  seen 
to  flow  from  the  crater  of  Osorno.  (See  Map.  Fig.  41,  p.  376.)  The  island 
of  Juan  Fernandez,  distant  360  miles  from  Chili,  was  violently  shaken 
at  the  aame  time,  and  devastated  by  a  great  wave.  Flames  rose  there 
from  the  sea  about  a  mile  from  the  shore,  and  illumined  the  whole  island 
during  the  night,  although  it  waa  afterwarda  aicertaiood  that  there  waa  a 
depth  of  sixtyHiine  fathoma  water  in  the  apot  where  the  flamea  had 
appeared.} 

**At  Conception,**  aaya  Captain  Fitz  Roy,  **the  earth  opened  and 
doaed  rapidly  in  numerous  places.  The  direction  of  the  cracka  waa  not 
uniform,  though  generally  from  aonth-eaat  to  north*weat  The  earth  waa 
not  quiet  for  three  days  after  the  great  ahock,  and  more  than  three  hun- 

•  Since  the  puljlication  of  the  first  edition  of  tJjis  work,  numerous  accounts  of 
recent  earthc^uakos  have  been  publisbed ;  but  as  they  do  not  illustrate  any  new  prin- 
ciple,  I  caniud  ittMit  tlieB  sll,  as  they  would  enlaige  tod  mudi  tlw  lise  of  my  work. 
Among  the  asost  violent  may  be  montioeed  tboao  of  Maceh,  18S9,  nesr  Alieant  in 
Mareia  that  of  Sejit.  1897,  at  Lahoro,  EMt  Isdio^-or  Jan.  15, 1838,  whioh  destrajwd 
Foligno,  in  Ita]y^--JnM  91,1830,  in  China,  in  Tay minor,  North  of  Houan— March  9, 
1830,  in  the  Caucasus  at  Kislier— Apnl  1833,  Manilla— 1833,  Isle  of  Lissa  in  Adri- 
alic,  and  Opu'<  Von  TT^ff  hns  published,  from  time  to  time,  in  Poggendorf's  Annn- 
len,  lists  of  the  earthquakes*  winch  have  hapjn m  d  since  18*^1;  and,  by  consult  i n^j 
these,  the  reader  will  perceive  that  erery  month  is  aigoalixed  by  one  or  manj  con- 
Yolfiona  in  tome  part  of  the  globe. 

I  Phil.  Tkaao.,  1836,  p.  SI.  Ibid.  p.  85. 
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drcd  shocks  were  counted  between  the  2Uih  ui  February  and  the  4lli  ui 
March.  The  loose  earth  of  the  valley  of  the  liiobio  was  everywhere 
parted  from  the  solid  rocks  which  bound  the  plain,  there  bemg  aa  opeo* 
ing  between  them  from  an  inrh  to  a  foot  in  width. 

*' For  sonic  flays  after  the  20ih  of  February,  the  «pa  at  Talcahuano,*' 
says  Captain  Fuz  Hoy,  not  rise  to  the  usual  marks  by  four  or  five 

feet  vertically.  When  walking  on  the  shore,  evea  at  high  water^  beds  ci 
dead  musdeat  numerous  chitons,  and  limpettt  and  withered  sea-weed, 
ftali  adheriDg,  though  lifeless,  to  the  rocks  on  which  they  had  lived, 
flverywhera  met  the  eye."  Hut  this  differenoa  in  the  relative  level  of  the 
land  and  saa  gradually  diminished,  till  in  the  middle  of  April  the  walw 
foee  again  to  within  two  feet  of  the  forner  high  water  raarfc«  It  miglit 
be  Buppoeed  that  theae  changea  of  level  merely  indieated  a  tempomj 
dUtorbanee  in  the  aet  of  the  eunrenta  or  in  the  height  of  the  tides  at  Tal- 
aabvanoi  bat  on  conaidering  what  oecorred  in  the  oeighbonring  iaiand  af 
flania  Maria,  Captain  Flu  Roy  cenaMed  that  the  land  had  been  laiaad 
Ibttrof'ive  feet  in  February,  and  that  if  had  vainiMd  in  April  to  wiildi 
two  or  Uirae  ftiet  of  itt  former  level. 

Santa  Maria,  the  island  just  alluded  to,  is  about  seven  miles  long  and 
two  broad,  and  about  twenty-five  miles  south-west  of  Conception.  (See 
Map,  Fig.  42.)  The  phefionif  na  observed  there  are  most  inipni  UiiU 
**  It  appeared,**  says  Captam  i  az  Uoy,  who  visiud  i^anla  Maria  twice, 
the  first  uoie  at  the  end  of  March,  and  afterwards  in  the  begtaalQl 
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of  April,  that  the  southern  extrcmiiy  of  ih«  island  bad  been  raised  sifht 
feet,  the  middle  iune,  and  ihe  northern  end  upwards  of  ten  feet.  Oa 
bleep  rocks,  where  verUcal  meaeures  could  be  correctly  taken,  beds  of 
dead  muicles  were  found  ten  feet  above  high  watec  mark.  One  fooi 
h)\v(  r  than  the  iiighest  bed  of  muscles,  a  few  iirapets  and  chitons  were 
>tcn  adliennc  to  the  rock  where  lliey  Iiad  g^rown.  Two  featl^jiver  tbiMI 
ifat;  same,  de-ati  muscles,  cliilonp,  and  liiii[)i'l.s  were  n  bund  ant." 

'*  An  extensive  rocky  flat  lies  around  the  northern  parts  of  Saiiia  IMariau 
Before  the  earthquake  this  flat  was  covered  by  the  sea,  soiba  pfojecting 
meiui  only  showing  ihemMlves.  Now,  the  whole  flat  is  espottd,  an4 
•quare  acres  of  it  are  covered  with  dftad  shell-fish,  the  stench  mmig  from 
which  is  abominable.  By  this  elev«tioD  of  tlie  land  tha  mmtil0m-fiato£ 
SanU  Maria  has  been  almost  dMi»]Md*4iUla  shelter  WMwUif  ihmty 
mod  very  bad  Unding."  The  •niroaDding  sea  is  also  stated  to  hawi 
beeoai0  tballower  in  exactly  the  saoM  proportion  as  tho  Unil  badriMn; 
the  aoondipgi  having  diiiuaiibsd  •  ikibo«&  and  a*halt  evary whm  mvad 
Aaialand. 

At  Tnbak  alao*  to  tho  aontb-aaat  oC  Santo  Maria,  tho  land  ma  laiaaA 
a»  laew  a&  Mocha  two  ioat,  boi  naalaTalbn  ooold  be  aacwlaMiad  al  Val^ 
divia»  nofthwaid  of  Conoaptioa* 

Aekiih  IsaSi^n  tho  2d  of  Fahruary  tha  whole  itlaad  of  laibui  waai 
ahahan  hy  an  earthquake,  and  in  the  Oelober  Iblbwlng  I  (bnnd  aU  the 
houses  in  Casamiceiol  still  without  their  roofs.  On  the  sides  of  a  ravine 
between  that  town  and  Forio,  I  saw  masses  of  greenish  tuff,  which  had 
been  ilirovva  down.  The  lioi-spring  of  Rita,  uliu  li  was  nearrsi  Llm  cen- 
tre of  the  movement,  was  ascertained  by  M.  CovtUi  U)  liave  increased  ia 
temperature,  showing,  as  he  observes,  that  the  explosion  took  place  below 
the  reservoirs  which  heat  the  diermai  waii  rs.* 

Bogota,  1827.— On  the  lOih  of  November,  1827,  the  plain  oi  Bogoia 
was  convulsed  by  an  earthquake,  and  a  great  number  of  (owns  were  ilirown 
down.  Torrents  of  rain  swelled  the  Magd^leua,  sweeping  along  vast 
quantitice  of  mud  and  other  substance^  which  emitted  a  solpbureous 
vafiovr  and  deatroyed  the  fish.  Popajan,  which  is  distant  two  hundred 
geogfaphical  milea  S.  S.  W.  of  Ik^ota,  tnfieaed  greatly.  Wide  crevioea 
appeared  in  the  road  of  Goanaeaa,  leaving  no  doubt  that  the  whole  of  the 
CordtUem  anatainad  a  powerinl  ahoolk  Other  fiaauaea  opened  near 
Coata,  in  the  plaioa  of  Bogota,  into  which  the  river  Tunaa  umediatelj 
iMfan  to  flow.t  It  ia  wonhy  of  remariK,  that  in  aU  aaeh  caaea  the  ancient 
^vei  bed  of  a  river  ia  deawted,  and  a  new  one  formed  at  alower  leveli 
eo  that  a  want  of  selation  in  the  poaitioaci  attnvial  beda  to  the  eziating 
water  coniaaa  may  be  no  teat  of  the  high  antiquity  of  aoeh  deposits,  at 
leoet  In  eonntriee  haUtnaHy  eeovalaed  hy  eartbqoakea.  Extraoidinafj 

•  BiWoth.  Univ  ,  Oct        p.  157.;  sndr«raMM,BdBMia,*e.,tiaMxi.p.». 
t  rhiLMsg.,Jiiljr,U»8,p.37. 
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SdO  KABTUQUAKE  IN  CHILI,  IflBB.  tBo«klI. 

niiw  iMDBipfliifod  As  #IioclEi  bvfbro  nMBlloiwd }  m4  two  volcnos  us 
■ftid  to  have  been  in  eruption  In  the  monntain-ehsin  nearest  to  Bogota. 

Chili,  1822. — On  the  19ih  of  November,  1822,  the  coast  of  Chili  was 
visited  by  a  most  deslruriive  earlhtiuake.  The  shock  was  felt  simul* 
taneousiy  ihroughoul  a  space  of  1200  miles  from  north  to  south.  Sl 
Jag^o,  Valparaiso,  and  some  other  places,  were  greatly  injured.  When 
the  district  round  Valparaiso  was  examined  on  ilie  morning  alier  the 
shock,  it  was  found  that  the  whole  line  of  coast,  for  the  disl^^nre  of  above 
one  hundred  nnlf*5,  wn^  rniped  above  itf^  former  level.*  Ai  Valparaiso 
the  elevation  was  three  feet,  and  at  Quintero  about  four  leet.  Part  of  the 
bed  of  the  sea,  says  Mrs.  Graham,  remained  bare  and  dry  at  high  water, 
<*  with  beds  of  oysters,  muscles,  and  other  shells,  adhering  to  the  rocks  on 
which  thry  gi«w«  the  fith  being  eB  dead,  end  ezhiling  moet  oflmite 
effluvia,  "t 

An  old  wteek  of  e  ihip,  which  before  ooeld  not  be  appioeehed,  beeane 
accetfible  from  the  land,  althoagh  ita  diatanee  from  the  original  aea-ehoie 
had  not  alleied4  It  waa  obeerved,  that  the  water-conne  of  a  milt,  at  the 
distance  of  about  a  mite  from  the  sea,  gained  a  fall  of  fonrteen  inehea,  in 
little  more  than  one  handred  yaids;  and  from  this  fact  It  la  Inlecred  tfail 
the  rise  in  some  perls  of  the  inland  eonntr^r  was  far  mofe  eonatdeiahle 
than  on  the  bordeie  of  the  oeean*$  Part  of  the  eoeet  thus  elevated  eoo- 
aisted  of  granite,  in  which  perallel  fisaorea  were  censed,  som  of  which 
were  tneed  for  a  mile  and  a-half  inland.  Conea  of  earth,  about  lour  ftet 
high,  were  thrown  up  in  several  districts,  by  the  forcing  up  of  water 
mixed  Willi  sniul  through  funnel-shaped  hollows, — a  phenomenon  very 
coininou  in  (  .il;\hria,  and  the  explanation  of  which  will  hereafter  be  con- 
sidered, 'rhose  houses  in  Cliili  nl  which  the  foundations  were  on  ruck 
were  less  damaged  llian  such  as  were  built  on  aUuvial  soil. 

Mr.  Cnif'kshanks,  an  English  botanist,  who  rcsRlcfJ  in  the  country 
during  the  enriiiquake,  has  informed  me  thnt  some  rooks  of  preenstone  at 
Quintero,  a  few  Imndred  yards  from  the  beacii,  which  had  always  been 
under  water  till  tiie  shock  of  1822,  have  since  been  uncovered  when  the 
tide  is  at  half-ebb ;  and  he  states  that,  after  the  earthquake,  it  was  the 
general  belief  of  the  fishermen  and  inhabitants  of  the  Cliilian  eoeat,  nsf 
that  the  land  bad  risen,  but  tiiat  the  ocean  had  permanently  retreated. 

Dr.  Meyen,  a  Prussian  traveller,  wlio  Tisited  Valpaiaiao  in  1881,  sajs 
that  on  examining  the  roeka  both  north  and  south  of  the  town,  nine  yeaie 
after  the  event,  he  found  in  corvdbofation  of  Mm*  Graham's  aeeoont,  that 
remains  of  animals  and  sea-weed,  the  Zsssenta  of  Boiy  do  St.  Vineent, 
which  baa  a  firm  ligneous  stem,  still  adhered  to^thoee  roeke  which  in 

«  See  Geol.  Tiaas.,  voL  L,  swoad  feiiss;  aad  also  Jooia.     Sei.,  UdM,  vbL 

xvii.  p.  40. 

i  Geol.  Trana.,  vol.  i.,  second  serieS|p.  416.  I  Did. 

§  Jouru.  oi  Sci.f  vol.  zvii.  p.  43. 
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IMS  had  bm  dtvated  above  higVwater  mA*  Amfding  to  Ifao  aamo 
«itlior«  tfao  wluie  ootil  of  eoDtral  GhOI  was  vaiaed  about  four  feat,  and 
bfluaka  of  narino  aheUa  wara  laid  dry  on  nany  parte  of  tba  ooaat.  Ho 
oboervad  ■imflnr  baakt,  elevated  at  anknowii  perioda,  in  aavaral  plaeea, 

especially  at  Copiapo,  where  the  species  all  agree  with  those  now  living 
in  ihc  o(  e:iii.  Mr.  Freyer  also,  who  resided  some  years  in  South  Ame- 
rica, confirmed  these  statements;!  Inu  Mr.  Cuming,  a  gentleman 
well  known  by  his  numerous  disco veiies  m  conrhology,  and  who  resided 
ai  V:]1paraiso  during  and  after  the  earthquake,  roLild  detect  no  proofs  of 
the  rise  oT  die  land,  nor  any  signs  of  a  chanirc  of  level.  On  the  contrary, 
he  remarked,  thai  the  water  at  spring-tides  rose  alter  the  earthquake  to 
the  same  point,  on  a  wail  near  his  house,  which  it  had  reached  before  the 
•books.  The  opiaiooa  of  thia  gentleman  well  deserve  attention  from 
ifaoae  who  may  hava  opportonitiea  of  minalelj  hiva«tigating  the  Chilian 
eoaat;  but  after  oonsidering  his  objections  to  Mrs.  Onham*s  account* 
evoB  before  tba  lata  oonvolsion,  1  fait  aatisfied  with  the  proofs  of  elevation 
in  Had  I  atill  ebariahod  any  iceptieiam,  it  would  have  been  re« 

movod  by  tbe  coiaeidanee  of  tba  facta  related  by  Captain  Fits  Boy ;  a 
^▼ing  oeeorrad  in  1885,  thirteen  yeara  afterwards,  in  another  part  of 
the  aamo  oonntry.:^ 

Exttnt  of  country  eiSmfeif.— The  area  over  whieb  tbia  permanent 
aheration  of  level  la  eonjectnred  to  have  extended,  in  ia  1<N>,000 
aqoaio  milea.$  The  whole  eoontry ,  from  tbe  foot  of  the  Andes  to  a  great 
distance  tinder  the  sea,  is  supposed  to  have  been  niaed,  the  greatest  viae 
being  at  the  distance  of  about  two  miles  from  the  shore.  "The  rise  upon 
the  coast  was  from  two  to  four  feet:— at  the  distance  of  a  mile  inland  it 
must  have  been  from  five  to  six,  or  seven  feet."l|  'I'hc  souuclings  in  the 
harbour  of  Vnlpnraiso  have  been  materially  changed  by  this  shock,  and 
the  hoHoin  li  is  In  cump  shallower.  The  shocks  coniinucd  up  to  the  end 
of  Sejitf  tuber,  1823;  even  ilien,  fori y-eight  hours  seblom  passed  without 
one,  ami  sometimes  two  or  three  wn  c  tell  during  twenty-four  hours.  Mrs. 
Graham  observed,  alter  the  earthquake  of  1R22,  that,  besides  the  bench 
newly  raised  above  high-water  mark,  there  were  several  older  elevated 
lines  of  beach  one  above  the  other,  consisting  of  shingle  mixpfl  with 
aheUa,  extending  in  a  parallel  direction  to  the  shore,  to  the  height  of  hfty 
feet  above  the  aea.^ 

In  order  to  give  aoaa  idea  of  the  enormous  amonnt  of  change  which 
thia  aingle  eonvuleion  may  have  ooeaaioned,  let  us  assume  that  the  extent 
of  eoontry  moved  waa  eorreetiy  estimated  at  100,000  aqnara  mi]e«r--an 

*  Reiae  uni  die  erde  i  tad  see  Dr.  Mejen's  letter  cited  Foreign  (^uart.  Rev.  Ho. 
33.  p.  13.,  1836. 

1  Geol.  8oc.  Proceedioga,  No.  40.  p.  179.,  M.  1896. 
%  Cwniug,  Geol.  Piocoedrags,  Ho.  48.  p.  913. 


I  loontof  fleL,Tol.  a 
%  GeoL  l^aai.^  vsL  L, 


I  Ibid.,  p^  40. 4ft. 
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extent  just  equal  to  half  the  area  of  France,  or  about  ftve-sixths  of  the 
area  of  Great  Britain  and  Ireland.  If  we  suppose  the  elevation  to  have 
been  only  three  i'cci  on  an  average,  it  will  be  seen  that  the  mass  of  mrk, 
added  to  the  continent  of  America  by  the  moveniPnt,  or,  in  other  words» 
th9  mass  previously  below  the  level  of  the  sea,  and  after  ihe  sboek* 
peroMiieatly  above  it,  roust  have  contained  fifty -seven  cubic  miles  in  bulk. ; 
which  would  be  suffioicnl  to  form  a  conical  mountain  two  miles  high  (or 
'  about  as  high  as  Etaa),  with  a  aifcmnfeieiiee  at  the  base  of  nearly  ihirtf* 
three  milei.  We  may  take  the  mean,  epeci&e  gravity,  of  the  mek  ai^ 
2.fiS5,p-a  fair  avenge,  and  a  convenient  one  in  auch  comjpatetioiWt 
becaiiae  at  auch  a  rale  a  cubic  yard  weigha  two  lone*  Then,  eaaomiog 
the  great  Pyramid  of  Egypt,  if  eolid,  to  weigh,  in  aecordance  with  aft> 
eatimate  before  gi?en«  ais  million  tona*  we  may  atate  the  loek  acided  to 
the  continent  by  the  Chilian  forthqaake  to  have  more  than  equalled 
100,000  pyramid!* 

Bat  it  mutt  alwaya  be  borne  iu  mind  that  the  wei|^t  of  rock  here 
alluded  to  eonatitnted  but  an  inaignificant  part  of  the  whole  amount  which 
the  volcanic  forces  bad  to  overcome.  The  whole  thickness  of  rock 
between  the  surface  of  Chili  and  the  subterranean  foci  of  volcanic 
action,  may  be  many  miles  or  leajxues  deep.  Say  that  the  tliickness  was 
only  I  wo  miles,  even  then  the  mass  which  changed  place  and  roae  three 
feet,  being  20U«U00  rubic  miles  in  volume,  must  have  exceeded  in  weight 
3(»3  million  pyramids. 

Il  may  be  useful  to  ronsitier  these  results  in  conncxiort  with  others 
already  obtained  from  a  diflerenl  source,  and  to  compare  the  working  of 
two  aotagonist  forces — the  levelling  power  of  running  water,  and  the  ex- 
pansive energy  of  aubterTauean  heat.  How  long,  it  may  be  asked,  wonld 
the  Ganges  require,  according  to  data  before  explained,  to  transport  to 
the  sea  a  quantity  of  solid  matter  equal  to  that  added  to  the  land  by  the 
Chilian  earthquake  ?  The  discharge  of  mud  in  one  year  by  Ihe  Ganges 
equalled  the  weight  of  sixty  pyramids.  In  that  eaae  it  would  require 
aeventeen  centuries  and  a  half  before  the  river  could  bear  down  from  the 
continent  into  the  sea  a  mass  equal  to  that  gained  by  the  Chilian  earth- 
quake. In  about  half  that  number  of  oenturiea,  perhaps,  the  united 
waters  of  the  Ganges  and  Burrampooter  might  accompliah  the  openp 
tlon. 

Aleppo ^  1822.-*/onum  Itks^  18S0«-^When  Aleppo  was  destroyed  by 
an  earthquake  in  1822,  two  rocks  are  reported  to  have  risen  from  ihe  a 
near  the  island  of  Cyprus  and  a  new  rocky  island  was  nhservt  tl  in 
1820  not  far  from  the  coast  of  Santa  Maura,  one  of  the  Ionian  i^iandtf, 
after  violent  eanliquakes.t 

Cu/c/t,  1819. — k  violent  earthquake  occurred  at  Cutch,  in  the  delta  of 
the  Indus,  June  16,  1819.  (See  annexed  Map,  Plate  V.)   The  prinoipal 

*  Jouro.  of  Bci.,  vol.  xiv.  p.  450.  t  Ton  HoS,  vol.  ii.  p.  1^. 
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(own,  Bhooj»  was  converted  into  a  heap  of  ruins,  and  its  stone  buildings 
were  thrown  down.  The  shock  <^xtend€d  to  Ahmedabad,  where  it  was 
▼ery  deslrucuve;  and  at  Toonah,  four  ]iundred  miles  farther,  it  u  lis  fee- 
bly leh.  At  the  former  city,  liie  i^^reat  mosque  erected  by  builan  Ahmed 
nearly  459  years  before,  fell  to  the  ground,  attesting  how  long  a  period 
had  elapsed  sinctj  a  tihock.  of  similar  violence  had  visted  that  j)oint.  At 
Anjar,  the  fort,  with  its  tower  and  guns,  were  hurled  to  the  ground  in  one 
common  mass  of  ruin.  The  shocks  continued  some  days  until  the  20th; 
when,  thirty  miles  north-west  from  Bhooj,  the  volcano  called  DModur 
§B  said  to  hare  burst  out  in  eruption,  and  tkm  convulsions  ceased. 

JMfsidence  in  tfm  JktIm  of  the  /m^ta.— ^tlMBgii  the  ruin  of  town«  wm 
f[MBl9  tbe  face  of  nature  in  the  inland  ooooiiy,  Mys  Captihi  M^nuido, 
w«i  Ml  visibly  eltend.  la  Ui>  hiili  teme  Itige  nwnpss  cnly  of  ro»k  and 
•oU  wm  deiiBbMl  from  Ihs  predpieM;  bul  the  etilini  ■nd  «laMit 
deeeiled  ebannel  ef  die  Iiidiit»  whieh  bounds  the  piovhiee  of  Oiit«h«  wan 
gnedj  ebngod.  The  eatnety*  or  mlet  of  die  Mn»  wai»  bofoto  the  etrih* 
qvoke,  feidable  it  Lnakpot,  btiog  only  ahom  a  foot  daap  when  the  tide 
waant  ebb, and  al  iood tide nefor OMMO than ahs foetf  boi it traa deep- 
f|        «aod«ttfanibftofUckput,altordMahoek,loniofodMn4ijfAliiA  ' 
\\        lav  water.*  On  aoondiog  other  paita  of  the  ehannol,  It  was  Arand,  that 
wbava  piovloaely  the  depth  of  the  water  at  flood  never  exceeded  one  or 
I':  two  feet,  it  had  become  from  four  to  ica  feel  deep.    By  these  and  oihei 

•  remarkable  c}i;aiges  of  levtl,  a  part  of  the  inland  navigation  ul  dial  eoun- 

j.  try,  which  hud  been  closed  for  centuries,  become  again  practicable. 

^'  Fort  and  village  suhmrrrred.f — The  fort  atid  villH^e  of  Sindree,  on  the 

eastern  arm  of  the  Indus,  almve  Luclcpul,  are  staled  by  the  same  writer  to 

« 

'!  have  hreii  m  erth)W(  (.]  ;  and,  iifiei  ihe  shock,  the  tops  of  the  liouses  and 

t,  wall  were  idone  lo  be  seen  above  the  water,  for  the  houses,  alihou^di  siib- 

'i  merged,  were  not  cast  down.    Had  ihey  been  situated,  therefore,  in  the 

s'         intenof,  where  so  many  forts  were  levelled  to  the  ground,  their  sue 
woold,  perhaps,  have  been  fe|[arded  as  having  ramained  eompaiativoly 
i  itnniovod.   Hence  we  may  suspect  that  great  permanent  upheavlngs  and 

depressions  of  soil  may  be  the  xeaolt  of  earthquakes,  without  the  iababi- 
tanta  being  in  the  leaat  degree  conaeiona  of  any  ehange  of  lefol. 
A  mote  laoam  anrvey  of  Ooteh  by  Capt.  A.  Boraas,  who  was  not  hi 
,  eommattieation  wiUi  Capt.  Maemoido,  sonfirma  the  facts  above  eiNimo- 
laied,  and  adds  many  important  details4  That  officer  examined  the 
delta  of  tha  Indna  in  1896  and  18S8,and  fmm  his  aeeoant  it  appears  ttiat, 

*  Macmnrdo,  Ed.  Phil.  Journ  ,  v^l.  it.  p.  106. 

f  I  am  indebted  to  Captai?i  TJurn.  h  for  iho  accompanying  engraving  (PL  VL)  of 
the  Fort  uf  Sindree,  as  it  appeared  eieven  years  beiure  ihe  earthquake. 
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when  Sindiee  mMM,  in  June,  1B19,  the  sem  flowed  in  bj  the  eeeiem 
moiiih  of  the  Indue,  and  in  a  few  boQie  eonverted  a  trael  of  land,  tMNM 
aquaie  milea  in  area,  into  an  infamd  eea,  or  lagoon.  Neither  the  rush  of 
the  aea  into  thia  new  depreaeion,  nor  the  moTement  of  the  earthquake, 

throw  down  eniirely  the  small  fort  of  Sindree,  one  of  ifie  four  lowers,  ihe 
norlli  western  slil!  coiiiiiiuuig  to  stand;  and  ihe  (bv  aflur  ihe  earLhquake, 
the  inli at) nanus,  who  had  ascended  to  the  top  of  tins  tower,  saved  Uiem* 
selves  in  boats.* 

Elevation  of  the  UUah  Bund. — Immediately  after  the  shock,  the 
inhabitants  of  fcimdrte  snw,  at  distance  of  five  miles  and  a-liaif  from 
their  village,  a  long  elevated  mound,  where  previously  thr  re  had  been  a 
low  and  perfectly  level  plain.  (See  Map,  PI.  V.)  To  this  uplifted  tract 
they  gave  the  name  of  UUah  Bund,'*  or  the  Mound  of  God,"  to  dit- 
tinguiah  it  from  several  artificial  dana  pretioualy  thrown  aoioaa  the 
eaftern  arm  of  the  Indus. 

Extent  of  country  raued» — It  has  been  already  ascertained  thai  thia 
new-raiaed  country  is  upwards  of  fifty  milea  in  length  from  east  to  weat, 
running  parallel  to  that  line  of  aubeidence  before  mentioned  which  eanaad 
the  grounda  around  Sindree  to  be  flooded.  The  range  of  thia  eleration 
extenda  from  Puehum  laland  towarda  Gharee ;  ita  breadth  from  north  le 
Bouth  ia  conjectured  to  be  in  aome  parte  atjrfeen  mUn^  and  ite  greateat 
aacertained  height  above  the  original  level  of  the  delta  ia  ten  feet,— aa 
elevation  which  appeara  to  the  eye  to  be  very  uniform  throughout 

For  eeveral  yeara  after  the  convulaion  of  1819,  the  eourw  of  the 
Indue  waa  very  unaettled,  and  at  length,  in  1838,  the  river  threw  a  van 
body  of  water  into  ita  eaatern  arm,  that  called  the  Phurraun,  above 
Sindc ;  and  forcing  its  way  in  a  more  direct  course  to  the  sea,  burst 
througii  all  tiie  artificial  dams  which  had  been  thrown  across  its  channel, 
and  at  length  cut  right  through  the  **  UUah  Bund,*'  whereby  a  aaiurii 
section  was  ul)t  uiied.  In  the  perpendicular  cliffs  thus  laid  i>p(.  ii,  Captain 
Burnes  found  that  the  upraised  lands  consisted  of  clay  filled  wuh  shells. 
The  new  channel  of  the  river  where  it  intersected  the  "  bund"  was 
eighteen  feet  deep,  and  durmg  tlie  swells  in  1826  it  was  two  or  three 
hundred  yards  in  width  ;  but  in  1828  the  channel  was  still  further 
enlarged.  The  Indus,  when  it  firat  opened  this  new  passage,  threw  such 
a  body  of  water  into  the  new  meer,  or  salt  lagoon,  of  Sindree,  that  it 
became  freah  for  maoy  montha ;  but  it  had  recovered  its  saliness  in  1828, 
when  the  supply  of  river  water  waa  leaa  copious,  and  finally  it  became 
more  aalt  than  the  aea,  in  conaeqnence,  aa  the  nativea  auggeated  to  Cap- 
tain Burnea,  of  the  aaline  particlee  with  which  the  *«Runn  of  Cntch'*  ia 
impregnated. 

*  I  have  beta  enabled,  from  personal  communication  with  Captain  fiamM,  to  add 
leveiel  partioolan  to  my  Ibrmer  aooooat  of  this  ewthqaako. 
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In  1828  Captain  Burnes  wpnt  in  a  hovil  to  tlic  nnv\f  of  Sindree,  -where 
a  single  remaining  lower  was  seen  in  liie  midsi  of  a  wide  expanse  of  sea. 
The  tops  of  the  ruined  waUs  «tiU  rose  two  or  three  feet  above  the  level 
of  the  water ;  and  standing  on  one  of  these,  he  could  behold  nothing  in 
tlje  horizon  bnt  water,  except  in  one  direction,  where  a  blue  streak  of 
land  to  the  north  indicated  the  Ullali  Bund.  This  scene  presents  to  the 
imagination  a  lively  picture  of  the  revolutions  now  in  progress  on  the 
ssrth — a  waste  of  waters  where  a  few  years  before  alt  was  land,  and  the 
only  land  visible  eonsisling  of  ground  opIiAed  by  a  reeent  earthqnalte. 

The  Ronn  of  Cuteh,  above  alluded  to,  is  a  flat  region  of  a  very  peculiar 
eharacier,  and  no  less  than  7000  square  miles  in  area;  a  greater  superfi* 
dal  eattent  than  Yorkshire,  or  about  one-fourth  the  area  of  Ireland.  It  is 
lot  a  desert  of  moving  sand,  nor  a  marsh,  but  evidently  the  dried-up  bed 
ef  an  inland  sea,  which  for  a  great  part  of  every  year  has  a  hard  and  dry 
bottom  uncovered  by  weeds  or  grass,  and  only  supporting  here  and  there 
a  few  tamarisks.  Bnl  during  the  monsoons,  when  ihe  sea  runs  high,  the 
?nlt  water  driven  up  from  ihe  Gulf  of  Culch  and  the  creeks  at  Luckpnt 
overflows  a  large  part  of  the  Runn,  especially  after  rains,  when  the 
soakeil  jrround  permits  the  sea-water  to  spread  r-ij  uily.  The  Hunn  is  also 
liable  to  hp  ovrrflowed  occasionally  in  s  ome  parts  by  river- water  ;  and  it 
is  rem:'.rk;ihle  lhat  the  onlv  prtriuui  wiiich  was  ever  highly  cuUivated 
(tlial  :;iiriently  crilled  Sayra)  is  now  permanently  submerged.  The  sur- 
face of  the  Rill  II  IS  sometimes  encrusted  with  salt  about  an  inch  in  depth, 
m  consequence  of  the  evaporation  of  the  sea-water.  Islands  rise  up  in 
some  parte  of  the  waste,  and  the  boundary  lines  form  bays  and  promon- 
tories. 

The  natives  have  a  tradition  that,  about  three  centuries  ago,  the  coun- 
tries of  Cutch  and  Sinde  were  sepsrated  by  the  sea,  thus  giving  rise  to 
the  district  called  the  Runn.  Towns  far  inland  are  still  pointed  out  as 
having  once  been  ancient  ports ;  and  it  is  said  that  ships  were  wrecked 
and  engulfed  by  the  great  catastrophe.  In  confirmation  of  this  account 
it  was  observed,  in  1819,  that,  in  the  jets  of  blaek  muddy  water  thrown 
ont  of  fissures  in  that  region,  there  were  cast  up  numerous  pieces  of 
wroogfat  iron  and  ship-nails.*  Cones  of  sand  six  or  eight  feet  in  height 
aie  said  lo  have  been  thrown  np  on  these  lands.t 

We  mtMt  not  conclude  without  alluding  to  a  moral  phenomenon  con- 
nected with  this  tremendous  caiasirophe,  which  we  re^rard  as  highly 
deservirii:  ihc  attention  of  geologists,  h  la  stated  by  Captain  Burnes,  that 
*'  ltit;»e  wonderful  events  passed  unheeded  by  the  inhabitants  of  Cutch 
for  the  region  convulsed,  thou^rh  once  fertile,  had  for  a  long  period  been 
reduced  to  sterility  by  want  oi  irrigation,  f^o  ihat  the  natives  were  inditler- 
ent  as  to  its  late.    Mow  it  is  to  this  profound  apathy  which  all  but 

*  Captain  BmM*i  Aeaount 

f  Gapt.  Maomwdo  s  Memoir,  Ed.  Fhil.  Jonm.,  vol.  iv.  p.  106. 

Vol.  I.— »  Y 
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immediate  influMiee  om  thair  w0iWly  fortunes,  ibal  w*  Bkott  aaeribt  Iht 

extraordinary  dearth  of  bUtorical  information  concerning  changes  of  the 

earilTs  surlana,  which  modern  observations  show  to  he  by  no  meaoft  of 
fare  occurrence  in  the  ordinary  course  of  nature. 

To  the  cast  of  the  line  of  this  tarthqi-ake  lies  Oojain  (called  Ozcne  in 
the  Ptryplm  Maris  Erj/thr.)  Huius  of  an  ancient  city  are  there  loi  nd, 
a  nule  north  of  llie  prtbeul,  buried  in  the  earth  to  ihe  depth  of  from  lif- 
tecn  to  ^.lxlcen  feet,  which  inhumation  is  lino w  a  to  have  been  the  conse- 
quence of  a  tmnendovui  cfttantropbe  ia  tUe  time  of  th^  H^yah  ViccaiDa- 
ditya.* 

Jiimd  9f  Jftmbawaf  181ft«^Iii  April,  18i6t  one  of  the  roost  jQqgbtfid 
eruptions  recorded  in  histoiy  oocurred  in  the  mountain  Tonboro,  in  the 
i«Uiid  of  Sumhawa.  it  began  «li  the  5tli  of  April,  and  was  moM  vklent 
go  the  1 1 th  and  i24h«  sod  did  not  «QtureIy  cease  till  July*  Tii0  sound  of 
lb*  esploeioiii  wi«  hMid  in  Suniatfif  at  tba  diatanee  of  970  geognplMMl 
wSm  in  a  dicoqt  Una ;  and  at  Tafiiata»  m  an  ofipoaito  diraetioii,  at  iha 
diatanq*  of  780  mllaa.  Out  of  a  population  «f  Uralvo  thowaandi  oalf 
iwontj*aix  indivMuala  anrrived  on  llm  iaiand.  Violmi  wbuimMa  cm^ 

inio  tbo  aift  lore  up  the  largest  lioea  by  Iba  lootOy  and  cofonMl  tbo  wfaola 
aan  with  floating  timber4  Gcaat  tiaota,  af  land  wm  oovand  by  lanw 
aavtfal  ttraans  -of  wliUb«  ianiiog  ifon  Ibo  acalar  of  tbo  Tovboio  inonn^ 

tain,  reached  the  sea.   So  heavy  was  ibo  (all  of  ashei^  tbat  they  broke 

into  tiie  Resident's  house  at  Biroa,  forty  miles  east  of  the  volc^mo*  and 
rendered  it,  us  well  as  many  other  dwellings  in  the  town,  nninh;ihit.,blt'. 
On  the  aide  of  Javu.  the  nahc^  were  carried  lo  liic  tlisiaiicc  of  3t)(^  tniles, 
and  217  tiuvards  Celebes,  in  sufficient  quantiiy  to  darken  the  air.  The 
floating  cmth  rs  to  the  westward  of  Sumatra  lormed,  on  the  I'Jih  of  April, 
a  mass  two  leet  thick,  and  several  nuies  ^  exient,  through  w^di  ships 
vith  diihcuUy  forced  Uieir  way. 

The  darkness  occasioned  in  the  daytime  by  the  ashes  lu  Java  was  so 
profound,  that  uoUuog  equal  to  it  was  ever  witnessed  in  the  darkest  nighti 
AUhjOtigh  this  volcaoie  dust  whan  it  fell  was  an  impalpahle  powder,  ift 
waa  of  considerable  woigbt.when  coroproMiadt  a  pioit  of  it  weigbiag  twelta 
onnoia  and  throa^qiiarlaia*  Along  the  sea  coast  of  Sumbawa^  an4  ths 
aiyaoont  isles*  sht  sea  roao  anddonl/  lo  tba  bejght  of  from  two  to  twelre 
faeti  a  great  wave  rushing  vp  tho  astoarioi*  aai  Iben  soddonljT  anbaiding. 
AltboBgb  ibfi  vindatJBiina  waaatiUdanng  tte  wbolo  tmw4»«ai  wlM 
inuponjlljui  aboi»|iWid  filM  tholowar  parti  of  Ihobonw  with  wura 
foot  da«f .  fivaiy  prow  <and  boot  wta  fiMead  ftop  ibo  nnwfcowgOb  mi 
drivan  on  jubove. 

»  Von  Hoff  vol  ii  p.  454.;  for  further  pMtiaolsjo,ws  beabitt.eb^  sit* 
t  Baffle's  Java,  yol.t  p.  ^ 
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The  town  called  Tombnra,  on  the  west  side  of  the  volcano  of  Snm- 
bawa,  wris  over  flowed  by  llic  so;i,  wliich  cncioached  upon  the  shore  so 
thai  the  water  remained  pertnaiienliy  eighteen  feet  deep  in  places  where 
^        there  way  land  before.    Here  wc  mnv  observe,  tliai  the  nmnnnt  of  ?ub- 
sideace  of  land  was  apparent,  in  spile  of  the  ashes,  which  would  natoraUjr 
^       hmf9  eauaed  the  limits  of  the  coast  to  be  extended. 

The  me  over  wfateh  tremulous  noises  and  other  tolcanic  effects  ex- 
s       tended,  waeone  thousand  Engliih  inilee  in  cbennaftrenee,  incln fling  the 
whole  of  the  Motoeoa  Islands,  Java,  a  considerable  portion  of  Celebes, 
e      AiMffa,  and  BonMO.  In  the  ielaiid  of  Anboyna,  in  the  aame'month  inil 

jcar»  the  gromid  opentd,  threw  oot  water,  and  tfiea  doted  again.*' 
f         In  eoBdnaton,  I  mty  remind  the  reader,  that  but  fbr  die  aeeidentai  prs^' 
i       eanee  of  8far  Btamlbtd  Rafflee,  then  govemor  of  Jata,  we  ehould  aeareely 
I       kate  lieafd  in  Europe  of  thie  tEemendoni  eatastiophe.  Be  leqnfred  alt 
t       tlw  veeMenli  in  the  ▼ariooe  dietrteta  nnder  hia  aQUiorit7  to  aend  in  «  atat^- 
^       MOl  of-  the  tfreoaetaaeea  whieh  oeeaned  wlthfn  their  own  knoidedge ; 
i       hvt,  vaMUe  ai  were  their  poittmmiieatlons,  they  are  oAen'  ealenlated  to 
exdte  rather  than  to  eatiefy  the  curiosity  of  the  geologist.   They  men- 
tion, that  similar  effects,  though  in  a  less  degree^  had,  about  seven  years 
5         belure,  accompanied  an  erupliuii  of  Uarang  Ass^m,  a  volcano  in  ihe  island 
of  Bali,  west  of  Sumatra ;  but  no  particulars  of  that  great  eatastropiie  are 
i        recorded  .t 

I  CaraccaSf  1812. — On  the  20lh  of  March,  1812,  several  violent  shocks 

j  of  an  earthquake  were  felt  in  Caraccas,  The  gnrfnre  iindulaled  like  a 
I  boiliiiiT  liqiDil,  and  (errille  j5()tiiul?  were  fieard  underground.    The  whole 

i  city  with  its  splendid  churches  was  in  an  instant  a  heap  of  ruins,  under 
I  which  ten  thouaand  of  the  inhabitants  were  burled.  On  the  5th  of  April, 
enoraious  rocks  were  detached  from  the  mountains.  It  was  beliered  that 
the  mountain  8ila  lost  from  300  to  'SQQ  feet  of  ila  height  by  subsidence ; 
but  this  was  an  opinion  not  founded  on  any  nieasnteilteiit.  On  the  27th 
of  April,  a  nrfeano  in  St.  Vineent'a  threw  oni  aeheo';  and  on  the  30th, 
tela  flowed  Horn  iti  eraler  into  the  aee,  while  ite  ezptoelone  were  heard 
at  a  diatance  equal  to  that  between  Vesavina  and  Switzerland,  the  aoood 
being  tianamitied,  as  Humboldt  aopposes,  throogh  the  gtoond.  Daring 
the  earthiiQake  whieh  deetroyed  Caraeeaa,  ah  immehie  qoanti^  of  water 
wae  thrown  out  at  Valeeiilo,  near  Valenci*,  aa  alao  at  Porto  CabeOo, 
thnragh  openhiga  in  the  earth ;  and  in  the  lake  Maraeaybo  Ae  water' 
flank.  Hnmholdt  dwerfed  that  the  Cord&leraa,  oomposed  of  gneiss  and 
mica  slate,  and  the  country  immediately  at  their  foot,  were  more  violently' 
shaken  lliaii  the  plaaia.^ 

*  lUffles't  lltat.  of  Java,  vol.  i.  p.  25.— Ed.  Phil.  Joum.,  vol.  iii.  p.  389. 
t  lifiicadteviaMofarBtuMBafflet^p.Ml.  London,  18301 
i  HaaMdt*a  fists.  Vav^  f«L  iv.  p.  19;  aad  Ed.  PhiL  Joom.,  vsl.  L  p. 
IBIf. 
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SmUh  Carolina^  1811.— JVeto  Madnd^VrejumB  to  the  dcstncluin  of 
Ia  Gttayra  and  Caraccast  in  1812,  South  Carolioa  waa  coovulaed  by 
aarthquakea ;  nod  ihe  ahocka  conUnoed  till  ihoae  cities  were  destroyed* 
The  valley  also  of  the  Mississippi,  froan  the  villsjce  of  New  Madrid  to  the 
mouth  of  the  Ohio  in  one  direction,  and  to  the  Sl  Frsncta  in  another,  waa 
convulsed  to  such  a  degree  as  to  create  lakes  and  islands.    Flint,  the 
geographer,  wlio  visited  ilie  country  seven  years  after  the  event,  informs 
us,  that  a  tract  of  iiiany  miles  in  extent,  near  the  Little  Prairie,  became 
covered  with  waltr  three  or  four  feet  deep;  and  wlica  the  water  disap- 
peared, a  stratum  of  saml  was  left  in  its  place.    Large  lakes  of  iweoiy 
miles  111  extent  were  h  rnied  in  the  course  nl  ;iri  hour,  and  others  were 
drained.    The  gravc-yard  at  New  Madrid  was  precipitated  into  the  bed 
of  the  Mississippi ;  and  it  is  stated  that  the  ground  whereon  the  town  is 
built,  and  the  river  bank  for  fifteen  miles  above,  sank  eight  feet  below 
their  former  level.*    The  neighbouring  forest  presented  for  some  years 
afterwards  **  a  singular  scene  of  confusion ;  the  trees  standing  inclined  in 
every  direction,  and  many  having  their  trunka  and  branchea  broken.**t 

The  inhabitanta  relate  that  the  earth  rose  in  great  nndolationa ;  and 
when  these  reached  a  certain  fearful  height,  the  soil  burst,  and  vast 
Tolomea  of  water,  sand,  and  pit-coal  were  discharged  as  high  aa  the  lopa 
of  the  ireea*  Flint  saw  hondreda  of  these  deep  chasms  remaining  in  an 
alluvial  soil,  seven  years  afWr.  The  people  in  the  country,  although  in- 
experienced in  such  convulsions,  bad  remarked  that  the  chasma  in  the 
earth  were  in  a  direction  from  8.  W.  to  N.  E. ;  and  they  accordingly 
felled  the  tallest  trees ;  and  laying  them  at  right  angles  to  the  chaams, 
stationed  themselves  upon  them.  By  this  invention,  when  chasms 
o^jened  more  ifiiiii  unee  inider  lUei-e  trees,  several  persons  were  prevented 
from  being  swallowetl  ufi.4;  At  one  period  during  this  earthqiuikt  ,  ihe 
grmind  not  far  below  New  Madrid  swelled  up  so  as  to  arrest  the  Missis- 
sippi »n  lis  course,  and  10  cause  a  temporary  reflux  of  its  waves.  The 
motion  of  some  of  the  shocks  was  horizontal,  and  of  others  perpendicular; 
and  the  vertical  movement  is  said  to  have  been  nuich  less  desolating-  ihnn 
the  horizontal.  If  this  be  often  ihe  case,  those  shocks  wliich  injure  cities 
least  may  produce  ilie  greatest  alteration  of  level. 

Aleutian  Islands^  1806.— In  the  year  1806,  a  new  island,  in  the  form 
of  a  peak,  with  some  low  conical  hills  upon  it,  rose  from  the  sea  among 
the  Aleutian  Islands,  cast  of  Kamtschatka.  According  to  Langsdorff^ 
it  was  four  geographical  miles  in  circumference;  and  Von  Buch  infers, 
from  its  magnitude,  and  from  its  not  having  again  subsided  below  the 
level  of  the  sea,  that  it  did  not  consist  merely  of  ejected  matter,  bat  of  a 

•  Cramer's  Navigator,  p.  243.    Pittsburgh,  1821. 
t  Lnn^'s  Kxp«^c!  ta  the  Rocky  MoiUltaillS, iii.  p.  184. 

X  Silliman's  Juurii  ,  Jan.  1829. 

§  Bemexkuagen  aut  emer  iieue  um  cbe  Weil.,  bd.  a.  3.  2i)9. 
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volid  rock  of  trachfte  apheaTod.*  Aaather  exinoidiowy  eroplioa  hap- 
pciud  III  the  spring  of  the  year  1814,  in  the  sea  near  Unalaschka,  in  the 
same  aichipelago.  A  new  isle  was  then  produced  of  considerable  size, 
and  with  a  peak  ihrcc  thousaud  feci  high,  which  rtmaiued  aUuding  ior  a 
year  afterwards,  though  with  somewhat  diminished  heiffhl. 

Although  it  is  not  improbable  ihat  earilniuLikes  accujupaii)  uig  these 
treiiicmhius  fTUiuicui-s  iimv  have  heaved  up  p;iri  of  the  bed  of  the  sea,  yet 
tile  circum&ianLi-  of  ilic  inlands  not  bavin disappeared  like  Sabrina  (see 
p.  352.)  may  ijave  ;iri.sen  from  tlic  emission  of  lava.  If  Joiullo,  for  cx- 
MPple,  in  1759,  had  risen  from  a  shallow  sea  to  the  height  of  1600  feett 
Inrtwd  of  attaining  that  elevation  above  the  Mexican  plateau,  the  massiTi 
eorrent  of  basaltic  lava  which  poofed  out  from  its  crater  wpuld  Iiav« 
asabled  it  to  withttaad,  Cor  a  loog  period,  the  action  of  a  turbnlaBi  tea. 

S^^keiimt  m  tk$  mrthftiakiB  of  the  nineteenth  enUurf^^Wo  art 
Bov  about  10  paao  on  to  tho  evoiua  of  the  eigbteenth  eentoiy;  bot,  bofom 
wo  leaio  tho  ooMidofatioa  of  tboao  abeady  onwMmtoda  lol  oa  pauaa  for 
o  ONMMitt  Mid  ndoet  bow  many  faaarkablo  freta  of  gooloftcal  taffoal 
wn  affoidad  by  tbo  aotthqoakaa  abofo  doacribod,  Ihoogb  thoy  oonMiMo 
bttt  m  amall  part  of  tbo  oooYidaioaa  ofoo  of  tbo  laat  tbirty  yeaia.  Now 
voeka  bafo  liaan  fipom  tbo  watara ;  tbo  tonpaiatiira  of  a  ibarmal  apaiiig 
boa  baan  laiaad;  Ibo  ooaat  of  Gbili baa  baao  twioo  pormananily  elovated i 
m  conaidarabla  traat  in  tbo  dalta  of  tba  Indna  baa  aunk  down,  and  aome  of 
ka  abaltow  ehaonda  haYO  baeono  mvigabie ;  an  adjoining  part  of  the 
same  district,  upwards  of  fifty  miles  in  length  and  sixteen  in  breadth,  has 
been  raised  about  ten  feet  above  its  former  level;  the  town  of  Tomboro 
has  been  submerged,  am!  l^\  lU c  ilmuj^aiul  of  lite  uihabilants  of  bumbawa 
have  been  destroyed.  Yet,  wiih  a  know  ledge  of  these  terridc  catastrophes, 
witnessed  during  so  brief  a  period  by  the  present  generation,  will  the 
pfoloiiist  declare  with  perfect  composure  that  the  earth  has  at 
M'tih  (1  into  a  stale  of  repose  ?  Will  he  continue  to  asbeii  ihiii  Uie  rlum^ca 
ot  relative  level  of  land  and  sea,  so  cominnn  in  former  n^M  s  of  ihu  world, 
have  now  ceased?  If,  in  the  face  of  so  many  striking  tacts,  he  persists 
in  maintaining  this  favourite  dogma,  it  is  in  vain  to  hope  that,  by  af^cu- 
mulating  the  proofs  of  similar  convultiona  daring  a  aariea  of  aalacadoot 
we  abaU  abaka  bia  tanacUy  of  purpoao : 

til  Iractuii  iUabatur  orbis, 
laapavidam  finient  raiius. 

BAKTHQ0AKSS  OF  TilK  EiaUTfifiNTU  CKJiTUBV. 

Quito,  1797. — On  the  morning  of  February  4th,  1797,  the  volcano  of 
Tongoragoa  in  Quito,  and  the  aarrounding  distriet,  for  forty  loagnaa  ffom 

•  Neoe  AUgeaa.  Geogr.  Ephemer.,  b<L  iii.  a.  349. 
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■ooth  to  ttofih,  ind  twenty  leagM  rrom  wett  to  east,  experieneed  in  an- 
dvltUng  nowment,  whieh  luted  four  mmnlei.  Th%  sttne  ihoek  wae 
felt  over  a  trtct  of  170  leagnei  from  eooth  to  north,  from  Piurt  to  Po> 
payan ;  and  140  from  weet  to  eaat»  flrom  the  tea  to  the  river  Napo.  In 
the  smaller  dUtriet  flnt  mentioned,  where  the  movement  was  more  intense, 
every  town  was  levelled  to  the  ground ;  and  Riobamba,  Qnero,  and  other 
places,  were  buried  under  masses  detached  ftom  the  moontains.  At  the 
fbot  ofTunguniguB  the  earth  was  rent  open  in  several  places  ;  and  streama 
of  water  and  fiBiid  mud,  called  **moya,**  poured  on i,  overflowing  aud 
wasting  every  thing.  In  valleys  one  thousand  fteL  bmniL  ihe  water  of 
these  floods  reached  to  the  height  ol'  six  luiiuirtd  feet;  and  the  mud  de- 
poaii  barr^  up  the  cours</  of  the  river,  as  to  form  lakes,  winch  m 
sonic  places  continued  for  more  ihan  eighly  days.  Flames  and  fuflbca- 
ling-  vapours  escnped  from  the  lake  Quilolon,  and  kdled  all  the  caiile  on 
its  shores.  The  shocks  continued  all  February  and  March ;  and  on  the 
fifth  of  April  they  recurred  with  almost  as  much  vioieoce  as  at  first.  We 
are  told  that  the  form  of  the  aorfaee  in  the  districrt  most  shaken  was  en* 
tirely  altered,  bat  no  exact  measorements  are  given  whereby  we  may 
estimate  the  degree  of  elevation  or  subsidence.*  Indeed  it  would  be  di^ 
fieult,  except  in  the  immediate  neighbourhood  of  the  sea,  to  obtain  any 
oertain  standard  of  comparison,  if  the  levels  were  really  as  much  altered 
aa  the  narrations  imply. 

Cumanot  I707.^ln  the  same  year,  on  the  14th  of  December,  the  email 
Antilles  experienced  subterranean  movementa,  and  Ibur-fiAhs  of  the  town 
of  Cumana  was  shaken  down  by  a  vertical  shock.  The  form  of  the  shosl 
of  Momerouge,  at  the  mouth  of  the  river  Bourdones,  was  dianged  by  an 
upheaving  of  the  ground.t 

Quebec,  1791. — We  learn  from  Captain  Bayfield's  memoirs,  that  earth- 
quakes are  very  frequent  on  iJie  shore  of  the  estuary  of  the  St.  Lawrence, 
of  force  suflScient  at  limes  to  s\>\a  walls  and  throw  down  ehiiiini ys.  Such 
were  the  efi'ects  ejtperieiiced  in  December,  1791,  in  St.  Paul's  Bay, 
about  fifiy  miles  N.  E.  from  Quebec  ;  and  the  inhabitants  say,  that  about 
every  twenty-five  years  a  violent  earthquake  return?,  which  lasts  forty 
days.    In  the  History  of  Canada,  it  is  slated  that,  in  a  tremendous 

convulsion  lasted  six  months,  extending  from  Quebec  to  Tadeausac — a 
distance  of  about  130  miles.  The  Ice  on  the  river  waa  broken  np,  and 
many  landslips  caused. | 

Caraeeoif  1790. — In  the  Caraccas,  near  where  the  Caura  joins  the 
Orinoco,  between  the  towns  San  Pedro  de  Alcantara  and  San  Francisco 
de  Aripao,  an  earthquake,  on  Su  Matthew's  day,  1700,  eansed  a  sinking 

*  CaraniTle?,  Journ.  de  Ph7ft.,toine  xlix.  |».  230.  Gilbert's  Amudea,  b4.  vi.  p. 

67.  Hnmboldt's  Voy.,  p.  317. 

i  Humboldt  B  Voy.,  Relat.  Hist,  part  i.  p.  309. 

t  Maogregor  *  TraTeli  in  America. 
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in  of  the  gnaitie  lofl,  and  left  a  lake  eight  bundred  yards  in  diameter,  and 

from  eighty  to  one  hundred  in  depth.    It  was  a  portion  of  the  forest  of 

Aripao  which  subsided,  aad  the  trees  remained  green  fur  several  munihs 
under  water.* 

iStci/y,  1790. — On  the  I8th  of  March  in  the  same  year,  at  S.  Maria  di 
Niscemi,  some  miles  from  Terranuova,  near  the  south  coast  of  Sicily, 
ihp  around  gradually  sank  down  for  a  circumference  of  llircp  Italian  miles, 
during  seven  shocks;  snd,  in  one  place,  to  the  depth  of  thirty  feet.  It 
continued  to  subside  to  tho  end  of  the  month.  Several  fissures  sent  forth 
salphuTf  petroleum,  steanii  aad  hoi  water;  and  a  stream  qf  mud,  which 
flowed  for  two  hours,  and  covered  a  space  sixty  feet  long,  and  thirty 
broad.  Thia  happened  far  from  both  the  ancient  and  modem  Tolcaaio 
diatriet*  in  a  f  loap  of  jtiita  eonMetiag  ebiefly  of  Uae  eUy.t 

/oo%  1780«^boot  the  year  1780,  an  eatllMpiako  waa  felt  at  intervale, 
for  tbe  period  of  ibnr  montfaflf  in  the  netglibonrhood  of  Batnr,  in  Jafa» 
sad  an  eraption  followed*  Variooa  rente  were  formed,  whiefa  emitted  a 
lalphnieoua  vaponr;  aeparate  traeta  annk  away,  and  were  awallowed  by 
tbe  earth.  Into  one  of  these  the  rivulet  Dotog  entered,  and  afterwarda  con- 
tinned  to  follow  a  anbterraneous  coufm.  The  village  of  Jam  pang  was 
buried  in  the  ground,  with  thirty-eight  of  ill  inhabitante,  who  had  not 
fioie  to  eseape.  We  are  indebted  to  Dr.  Horsfield  for  having  verified  the 
above  mentioned  facts.): 

Japan  IsleSf  1783. — In  the  province  of  Sinano,  in  Uie  Isle  of  N  fon, 
the  vulcanic  mountain  of  As;;)iiay;iiiia,  situaud  north-east  ol  liie  town  of 
Komoro,  was  in  violent  em [Ui on  August  1,  1783.  The  eruption  was  pre- 
ceded by  a  frightful  earth(iuaiie ;  gulfs  are  said  to  have  opened  every 
u  lie  re,  and  many  low:  is  to  have  been  swallowed  up,  while  others  were- 
subaequendy  buried  by  Iava.§ 

«  Hemboldrs  Vcy.,  Reiat  Hist.,  part  ii.  p.  638. 

t  Feiraia,  Gunp.  fl.,  p.  51. 

t  Batov.  Trans.,  vol.  viii.  p.  141. 

I  HnasboUit,  Fragaieas  Asiatiques,  Ag.,  torn.  i.  p.  SB9. 
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CHAPTER  XV, 
muanosoAXE  nr  calabbu,  1788. 

Euthquako  in  Calnbrla,  Fphroary  17Ffl — Shocks  continued  to  the  end  of  therw 
\7Q6 — Aulhoritif?? — ^Arca  convulsed — Geological  structure  of  tht*  district — DifEcul- 
iy  of  a«cerU.ining  changes  of  level  (p.  396  ) — Subsidence  of  Ih*-  quay  nl  Messiaa — 
Shift  or  fault  ia  the  Round  Tower  of  Terranuovd — Movement  ia  the  etoaes  of  two 
obeliiki  Opgmiig  ud  clMing  of  fiMom— Luge  edifioM  eiifiilfed->DioiMHiaM 
of  new  eaveniB  and  fiHoice  (p.  401.)  Gradual  eloeiiif  in  of  renta— Bonndiiif  of 
detaeltfd  maMes  ioto  the  ail^LaodlUpa— Buildings  trantiported  entire  to  great  dis- 
tancps  (p.  405.) — New  Lakes — Currents  of  Mud — ^Fonnel-ahaped  hollowa  in  alia- 
rial  plains — Fa)!  rS  clifTs,  and  shore  near  Scilla  inundnled — Stn(e  ofStromboli  and 
Etna  during  tlie  tthocke— How  earthquakes  contribute  to  the  formation  of  vail^i 
(p.  409.) — Coucludiag  remarks. 

CahMOf  1788.— Of  the  nammns  earthqnikei  whieh  Km  oeeaned 
in  different  parte  of  the  globe,  during  the  last  hundred  years,  that  of  Cala- 
bria, in  1783,  is  almost  the  only  one  of  which  the  geologist  can  be  said 
to  have  such  a  circumstantial  account  as  to  enable  him  fully  to  appreciate 
the  changes  which  this  cause  is  capable  of  producing  in  the  lapse  of  ages. 


Fig.  42. 
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The  tboeks  began  in  Febroary,  1788»  and  laated  for  ncaily  four  yeait,  to 
Ihe  end  of  1786*  Neither  in  duration^  nor  in  ▼iolenee,  nor  in  the  extant 
of  territory  moved,  waa  thia  conYulaion  remarkaUei  when  eontraated  with 
nuuy  experienced  in  other  countriea,  both  daring  the  laat  and  preaent 
eeninry ;  nor  were  the  alteratuma  whieh  it  ooeaaloncd  in  the  relatiYe  level 
of  hUl  and  valley,  land  and  aea,  ao  great  as  thoae  efleeled  by  some  anb* 
terranean  movenienla  in  South  Anieriea«  in  later  timea.  The  importance 
of  the  earthquake  id  queation  arises  from  the  circumstance,  that  Calabria 
is  the  only  spot  hitherto  visited,  boih  during  and  afier  the  convulsions,  by 
men  possessing  sufiic  icnt  leisure,  zeal,  and  scientific  information,  to  ena- 
ble them  to  collect  and  tiesi nhr  with  accuracy  the  physical  facts  wiiich 
throw  light  on  geiflogical  questions. 

Authorities. — Among  the  luinitifous  authorities,  Vivenzio,  physician  to 
the  Kino;  of  Naplc?,  tratisimllcil  to  the  court  a  rej^nlar  Riatcment  of  his 
obiervaiions  during  the  continuance  of  the  shocks  ;  and  his  narrative  is 
drawn  up  with  care  and  clearness.*  Francesco  Antonio  Grimaldi,  then 
secretary  of  war,  visited  the  different  provinces  at  the  king's  command, 
and  published  a  moat  detailed  description  of  the  permanent  changes  in 
the  anrface.t  He  meaanred  the  length*  breadth,  and  depth  of  the  different 
fiMorea  and  golfa  whieh  opened,  and  aaeertained  their  number  in  many 
provinces.  Hia  comments,  moreover,  on  the  reports  of  the  inhabitanta, 
and  hia  explanattona  of  their  lelationa,  are  jndteiooa  and  initroetive. 
Pignataro,  a  phyateian  reaiding  at  Monteleone,  a  town  placed  in  the  very 
centre  of  the  oonvolaionat  kept  a  register  of  die  ahocka,  diatingniahing 
them  Into  fonr  elaaaea,  aecordiog  to  their  degree  of  violence*  From  hia 
work,  it  appcara  that,  in  the  year  1763,  the  number  was  949,  of  which 
Ml  were  shocks  of  the  first  degree  of  force ;  and  in  the  following  year 
tliere  were  151,  of  whirh  08  were  of  the  first  magnitude. 

Count  Ippolito,  also,  and  many  oiherb,  wroic  th  bcriptions  of  the  earth- 
quake  ;  and  the  Royal  Academy  of  Naples,  not  satisfied  with  these  and 
other  observations,  sent  a  depiilalion  from  their  own  body  into  Calabria, 
before  ihe  shocks  had  ceased,  who  were  accompanied  by  artists  insiruned 
to  illiistraie  by  drawioiii  the  physical  changes  of  the  district,  and  Uiesialc 
of  ruined  towns  and  edifices.  Unforiunately  these  artists  were  not  very 
successful  in  their  representations  of  ilie  condition  of  the  country,  particu- 
iariy  when  they  attempted  to  express,  on  a  large  acale,  the  extraordinary 
lefolotiona  which  many  of  the  great  and  minor  river^urses  underwent. 
Bat  many  of  the  plates  published  by  the  Academy  are  valuable  ;  and  as 
they  are  little  known,  I  shall  frequently  avail  myself  of  them  to  illnatrate 
Ike  fiota  about  to  bo  deaeribed4 

•  litoria  de'  Tremuoti  della  Calabria  del  1783. 

\  De'ichz.  de'  Tromaoti  Accad  nelle  Calabria  nel  1783.  Napoli,  1784. 
}  Istonri  de'  Fr  noineni  del  Trem  Ao,  ik^»  neiV  An.  1783,  po«ta  la  looe  dalU  Real. 
Aocad.  iSla:.  di  Ndp     Napoii,  1764.  fol. 
Vol.  I. — 2  Z 
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In  addition  to  these  Neapoliian  sources  of  infonnauoii,  our  cmmlry  man, 
Sir  Willi  1111  Hamiitonv  surveyed  the  district,  uot  without  some  personal 
risk,  belore  the  shocks  had  ceased  ;  and  his  sketch,  published  in  ifie 
Philosopliif-nl  Transactions,  supplies  many  facts  that  would  otherwise 
have  been  lost.  Hp  lias  explained  in  a  rational  manner  mnnv  events 
which^  as  related  m  llie  lan^uaji^c  of  some  eyewitnesses,  uppearetl  inr>rvc!- 
lous  and  incredible.  Dolomieu  aiso  examined  Calabria  during;  the  catas- 
trophe,  and  wrote  an  account  of  the  earthquake,  correcting  a  mistake  inu> 
whieh  Hamilton  had  fallen,  who  supposed  that  a  part  of  the  tnct  shaiien 
had  eontisted  of  volcanic  toff.  It  m,  indeed,  a  circumstuuff  which  en- 
lianees  the  geological  interest  of  the  eoinmoiiont  whiob  ao  often  modify 
the  aurface  of  Calabria,  that  they  are  confined  to  a  oottBtry  when  then 
are  neither  aneieot  nor  nodem  roeke  of  vokante  or  trappean  origin ;  ao 
that  at  some  Aitore  time,  when  the  era  of  diaturbanee  ahall  have  paaaed 
by,  the  eaaae  of  former  leYolotiona  will  be  ae  latent  aa  in  pane  of  Great 
Britain  now  occupied  ezcloa ively  by  ancient  marine  formationa* 

.Extent  of  the  ana  coneufaetf^The  eoavnlaioa  of  the  earth,  aen,  aed 
air  extended  over  the  whole  of  Calabria  Ultra,  the  aooib-eaet  pan  of 
Calabria  Oitra,  and  aeroea  the  aea  to  Meaaina  atfd  its  environa ;  a  diatrict 
lying  between  the  98th  and  89th  degrees  of  latitude.  The  concussion 
was  perceptible  over  a  great  part  of  Sicily,  and  as  fjir  north  as  Naples; 
but  the  surface  over  which  the  shocks  acted  so  forrihjy  as  to  excite  in- 
tense alarm  did  not  generally  exceed  five  hundred  square  m'tlea  in  area. 
The  soil  of  that  part  of  Calabria  is  composed  chiefly,  like  the  southern 
part  of  Sioilv,  of  ralrarpo-afjillaoeous  strata  of  great  tliicknesss,  containing 
marine  shells.  'J'ins  cl.ty  is  &iHiiP!imes  associated  wiili  [icils  r»|  smid  and 
limestone.  For  iIk-  must  part  Uiot-  lorniaii()ii>;  resemble  \n  ap{)earance 
and  consistency  the  tSubapennine  maris,  wilii  tiieir  accompanying  sands 
and  sandstones ;  and  the  whole  group  bears  considerable  resemblance,  ia 
the  yielding  nature  of  its  materials,  to  moat  of  our  tertiary  deposits  in 
France  and  England.  Chronologically  eonaidered,  however,  the  Cala- 
brian  formations  are  compArativeiy  of  very  modern  il  iie,  and  abound  in 
fossil  shells  roferribte  to  species  now  living  in  the  Mediterranean. 

We  learn  from  Vivenzio  that,  on  the  20th  and  20th  of  March,  19B9» 
oarthqnakci  oeenrred  in  the  islandaof  Zante,  Oephalo«ia«  aad  %L  If  am; 
and  in  the  last  mentioned  ialand  aeveral  pnblieedifioeaaMi  priyaae  bonaaa 
were  overlhrown,  and  many  people  deatroyed.  It  baa  lieen  almdy  ehown 
thnt  the  Ionian  lalanda  fall  within  the  Ime  of  the  tame  grant  voleanie  itgian 
fli  Calabrit ;  ao  that  both  earthqnahea  were  pmbaUy  dented  A«n  «  eom* 
mon  aource,  and  it  ia  not  improbable  that  the  bed  of  the  wholo  inliimoiiaio 
aea  waa  eonfulaed. 

If  the  dty  of  Oppido,  in  Calabria,  be  taken  aa  a  eeotre,  and  roood 
that  centre  a  circle  be  deseribed,  with  a  radius  of  twenty-two  miles*  this 
apaee  will  compreheud  the  surface  of  the  cauairy  which  «uOered  Uit) 
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fieatart  altenUon*  and  wlwie  all  tha  towns  and  Yillagoa  ware  daitioyed. 
Tha  6nl  ahock«  of  February  5th»  1788,  tluaw  dowo»iii  two  minutas*  tha 
giaaiar  part  of  lha  houses  in  sll  tha  eiUea,  towns,  and  rillagas,  ffom  the 
weslam  Banks  of  tha  Apennines  in  Cslabria  Ultra  lo  BCessina  in  Sieilj, 
sad  eonvulsad  the  whole  surface  of  the  country*  Another  occorred  on 
the  28th  of  March,  with  slmost  aqnsl  violenca.  Tha  granitic  chain 
wiiieb  passes. through  Calabria  from  north  to  south,  and  attains  the  height 
of  many  thousand  feet,  was  shaken  hnt  slightly  by  the  first  shock,  but 
more  rudely  by  some  which  followed. 

Some  wriicrs  have  asserted  lliai  ihe  uave-likt;  movements  which  were 
propagated  through  the  recent  strata,  from  west  lo  east,  became  very  vio- 
leDt  when  they  reached  the  point  of  junelion  with  the  granite,  as  if  a 
reaction  wr»s  produced  where  the  undulalory  movement  ol  the  .^oft  strata 
was  suddenly  nrresled  by  the  more  solid  rocks.  Hut  the  slatcincnt  of 
Doioinieu  on  tins  subject  is  most  interesting,  and,  perhaps,  in  a  geolo- 
gical point  of  view,  the  most  important  of  ail  Uie  observations  wliich  are 
wcordetl.* 

Tlie  Apennines,  he  says,  which  consist  in  great  part  of  hard  and  solid 
granite,  with  some  micaceous  and  argillaceous  schists,  form  bare  moun- 
tains with  steep  sides,  and  exhibit  marks  of  great  degradation.   At  their 
bsse  newer  strata  are  seen  of  sand  and  clay,  mingled  with  shells ;  a  ma* 
line  depoeit  containing  such  ingredients  ss  would  lesult  from  the  decom* 
position  of  granite.    The  surfiM:e  of  this  newer  (/erltory)  formation 
constitutes  what  is  called  the  plain  of  Calabria — a  platform  which  is  flat 
and  level,  except  where  interMcted  by  narrow  valleys  or  ravines,  which 
rivers  and  torrents  have  excavated  sometimes  to  the  deptli  of  six  hundred 
feet*   The  sides  of  these  ravines  are  almost  perpendicular;  for  the  supe- 
rior stratum,  being  bound  together  by  the  roots  of  trees,  prevents  the 
formation  of  a  sloping  bank.    The  usual  effect  of  the  earthquake,  he 
coniiiuies,  was  to  disconnt  ct  all  those  masses  which  either  had  not  sntfi- 
cienl  bases  for  their  hulk,  or  which  were  supported  only  by  lateral 
adherence.    Hence  it  follows  that  throughout  abiiost  tlie  whole  leiiLnh  of 
the  chain  the  soil  which  aditered  to  the  granite  at  tlie  base  of  the  moun- 
tains Cauloup,  F'sope,  Sagra,  and  Aspramonto,  slid  over  {}\e  solid  and 
Bteeply  inclined  nucleus,  and  descended  somewhat  lower,  leaving  almost 
voioterruptedly  from  St.  George  to  beyond  St.  Christina,  a  distance  of 
from  nine  to  ten  miles,  a  chasm  between  the  solid  granitic  nucleus  and 
tlie  sandy  soil.    Many  lands. slipping  thus  were  carried  to  a  considerable 
distance  from  their  former  position,  so  ss  entirely  to  cover  others ;  and 
disputes  arose  as  to  whom  the  property  which  had  thus  shifted  its  place 
•bould  belong. 

*  Dissertation  on  the  Calabnon  Earthqofikey  Sec.,  translated  in  Fiukerton't 
Voytges  and  TraveU,  yol.  t. 
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From  tfiii  loeoont  of  Dolmnleo  we  might  tnticipate,  as  the  Twall  of  m 

conlinuance  of  such  earthquakes,  first,  a  loni^itudinal  Yalley  following'  the 
lina  of  junction  of  ihc  older  and  newer  rocks;  secondlr,  flfreaicr  disturb- 
ance in  the  newer  strata  near  the  point  of  contact  than  ;a  a  urrairr  distance 
from  the  niountains;  phenomena  very  common  in  oihr  r  parts  of  Italy  at 
Uie  junction  of  the  Apennine  and  Subapennine  forniaUuis. 

The  Jsurface  of  the  country  often  heaved,  like  Uie  biilows  of  a  swell  mi; 
sea,  winch  produced  a  swinimiTig;  in  the  head,  like  8ea-«?irkness.  Ti  is 
particularly  stated,  in  almost  all  the  accounts,  tiiat  just  before  each  sihock 
the  cloudf  appeared  motionless ;  and,  although  no  explanatioD  is  offered 
of  tbif  phenomenon,  it  is  obviously  the  same  m  ihn  observed  in  a  ship  el 
■ea  when  it  pitches  violently.  The  clouds  seem  anetted  in  their  caraer 
as  often  as  the  vessel  riiee  in  a  direction  contrary  to  their  come;  eo 
that  the  Calabriana  moat  have  eipefienoed  prcciaeljr  the  same  motioB  oa 
the  land. 

Treee,  supported  by  their  tranks,  sometimes  bent  dnrtag  the  shoelu  Is 
the  earth,  and  tooehed  it  with  their  lops.  This  is  meationed  as  a  weSl* 
known  iket  by  Dolomien  r  end  he  assnree  ns  that  he  was  dwaya  on  his 
gnard  against  ths  spirit  'of  exaggeration  In  which  the  vulgar  are  over 
ready  to  indulge  when  relating  these  wonderful  oeemrenoee* 

1  shall  now  consider,  in  the  first  place,  that  class  of  physieal  ehaagse 
prodaced  by  the  earthquake  whieh  are  eonneeled  with  slterations  in  the 
relative  level  of  the  difibrent  parts  of  the  land ;  and  afterwards  describe 
those  which  are  more  immediately  connected  with  the  derangement  of 
the  regular  drainage  of  the  couiilry,  and  where  llie  iuree  of  running  water 
co-operated  with  that  of  the  earthquake. 

Difficulty  oj  useerluining  changes  of  level. — In  reg-ard  to  alterations  of 
relativclevel,  none  of  the  accounts  csta1tli>h  ihalthey  were  on  a  cons^iUerable 
scale  ;  but  it  must  always  be  renUMiih*  red  that,  in  proporiion  to  the  ^rr-i 
moved  is  the  ditliculty  of  proving  ih  ii  ilic  freneral  level  hns  undergone 
any  change,  unless  the  sea-i  oast  happens  to  have  parlicipaiod  in  tilS 
principal  movement.  Even  then  it  is  often  impossible  to  determiBO 
whether  an  elevation  or  depression  even  of  several  feet  has  occnned, 
beeaase  there  is  nothing  to  attract  notice  in  a  band  of  shingle  and  sand  of 
unequal  breadth  above  the  level  of  the  Ma  running  parallel  to  a  eoast; 
such  bands  generally  msrkiog  the  poini  reached  by  the  waves  during 
spring  tides,  or  the  most  violent  tempests.  The  scientific  inveetigaMir 
has  not  sniBeient  topogrsphieal  knowledge  to  diseover  whether  the  extent 
of  beach  has  diminished  or  incressed;  and  he  who  has  the  neeeessiy 
local  information  scsreely  ever  feds  any  interesi  in  aseenainlng  the 
amount  of  the  rise  or  fell  of  the  ground.  Add  to  this  the  great  diflieul^ 
of  making  correct  observations,  in  consequence  of  the  enormooe  wsves 
which  roll  in  upon  a  coast  during  an  esrthquake,  and  eifaee  every  land* 
maik  near  the  shore. 
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Siibsidente  of  the  Quay  at  AJesaina. — It  is  eviilenlly  in  seaports  alone 
lhat  we  can  look  for  very  accurate  indications  of  slight  clianjffcs  of  level; 
and  when  we  find  ihein,  we  may  presume  lhat  they  would  not  be  rare  at 
other  points,  if  equal  faciiiiirs  of  comparing  relative  altitudes  were  afTorded. 
Grimaldi  states  (and  his  account  is  confirmed  by  Hamilton  and  others), 
that  at  Messina,  in  Sicily,  the  shore  was  rent;  and  the  soil  along  the 
port*  which  before  the  shock  was  perfectly  level,  was  found  afterwards  to 
be  inelinml  towards  the  sea, — ^the  sea  itself  near  the  Banchina"  becom- 
ing deeper,  and  its  bottom  in  several  places  disordered.  The  quay  also 
sank  flown  about  fourteen  inches  below  the  level  of  the  sea,  and  the 
houses  in  its  Yicinity  were  much  fissured.   {PhU*  TVont.  1783.) 

Anumg  Tarioas  proofs  of  psrtial  eloYation  and  depression  in  the  interior* 
the  Aeademicians  mention;  in  their  Snrveji  that  the  ground  was  some- 
limes  an  the  same  level  on  both  sides  of  new  ravines  and  fissures,  but 
sometimes  there  had  been  a  considerable  shifVing,  either  by  the  upheaving 
of  one  sidet  or  the  subsidence  of  the  other.  Thus,  on  the  sides  of  long 
rsnle  In  the  territoiy  of  Soriano,  the  stratified  masses  had  altered  their 
relative  poeition  to  the  extent  of  from  eight  to  fourteen  palms  (six  to  ten 
and  a-half  feet). 

Polistena. —  Similar  shifts  in  iLe  strata  are  alluded  to  in  the  territory  of 
Polistena,  where  there  appeared  innumerable  fissures  in  the  earth.  One 
of  diese  was  of  great  length  and  depth  ;  and  in  parts  the  level  of  the  cor- 
responding sides  was  greatly  changed.  (See  Fig.  44.) 


Fig.  44. 


Ihtpji$9wr9  mar  Polittma,  €mu»diy  the  tartkfuake qflTBH. 


7'erranuova. — In  the  town  of  Terranuova  some  houses  were  seen  up- 
lifted above  the  common  level,  and  others  adjoining  sunk  down  into  the 
earth.     In  several  sueels  the  soil  appeared  thrust  up,  and  abutted  against 
the  walls  of  houses;  a  large  circular  tower  of  solid  masonry,  part  of 
which  had  withstood  the  general  destruction,  was  divided  by  a  vertical 
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naU  tnd  one  side  wis  npniied,  ud  the  fomidetkiM  liMved  oot  of  the 
groond.  It  wm  eompared  by  the  AcedemieiaDi  to  a  grttA  tooth  half 
eztfoeted  from  the  alfeotna,  with  the  upper  pari  of  the  liBfe  eipoeed. 
(See  Fig.  45.) 

Fi^.  45. 


lowtr  4(f  Tammuowa  in  CMkria,  ot  aukm§i  ly  dU 
mrthqtutk*  ^  1783. 


Along  the  line  of  this  shift,  or  "  fault,"  as  it  woulil  be  termed  techni- 
cally by  miners,  the  walls  were  found  to  adhere  firmly  to  each  other,  and 
to  fit  so  well,  that  the  only  si^ns  of  their  having  been  disunited  was  the 
want  of  correspondence  in  the  courses  of  stone  on  either  side  of  the  rent. 

Dolomieu  saw  a  stone  well  in  the  convent  of  the  Augustins  nt  Tenra- 
nuova.  which  had  the  appearance  of  having  been  driven  out  of  the  earth. 
It  resembled  a  small  tower  eight  or  nine  feet  in  height,  and  a  little 
inclined.  Thia  effect,  he  says,  was  produced  by  the  consolidalioo  and 
eontequent  sinking  of  the  sandy  soil  in  which  the  well  was  dug. 

In  some  walls  which  had  been  thrown  down,  or  violently  ahakeot  in 
Monleleone,  the  separate  stonea  were  parted  from  the  roortart  so  as  to 
leave  an  ezaet  mould  where  they  had  tested ;  whereas  in  other  eases  the 
mortar  was  ground  to  dust  between  the  stones. 

It  appears  that  the  waTe>like  motions,  and  those  which  are  ealled  vot^ 
ticose  or  whirling  in  a  vortex,  often  produced  eflects  of  the  most  eaprt* 
eious  kind.  Thus  in  some  streets  of  Monteleone,  every  honse  was 
thrown  down  but  one ;  in  others,  all  but  two ;  and  the  baiklings  which 
were  spared  were  oflten  scarcely  in  the  least  degree  injured. 

In  many  cities  of  Calabria,  all  the  most  solid  buildings  were  thrown 
down*  while  those  which  were  slightly  built  escaped  ;  but  nt  Rosarno,  as 
also  at  Messina  in  Sicily,  it  was  precisely  the  reverse,  the  maAsive  edi- 


Digitized  by  Google 


C3k.  XV.3        oBMom  or  nsLAnvB  lbvsl.  399 

floM  Mug  the  only  ooMP  tlm  flood.  Two  obriidto  (FIf .  4«.)  piMtd  at 
iIm  MmMm  of  »  ■ognMcmt  fc^dtoln  tlio  oonvoBl  of  0.  Bmo,  in  o 
mmH  town  oaM  Sitteo  dol  Booeo«  wove  obMmd  to  hofo  oodergono  • 
■WToniOBt  of  a  nagiilar  kind.  The  eboek  winch  agitaied  the  hoUdinf  io 
deoetibod  to  haviog  been  horisontal  and  foitteoM.  The  pedeatal  of  eaeh 
oboUok  lemalnod  in  ita  originid  plana;  tat  the  aeparate  atonea  abofo  weio 
taraod  partially  ronnd»  and  lomofed  aooetinMO  nine  inchea  from  their 
position  withool  ftUuif • 

fig.  40. 


Sk{ft  in  lA«  ttoHcsfff  two  obelisks  in  Uu  CowoftU  qf  S.  Bnmo. 

Hainret.— It  appeaia  evident  that  a  great  part  of  the  rendhig  and 
fiaanriaf  of  the  ground  waa  the  effect  of  a  violent  motion  from  below  up* 
wardai  and  in  a  multitude  of  cases  where  the  rente  and  chaama  opened 
nnd  oloeed  alternately,  we  mast  auppoae  that  the  earth  was  by  loma 
heaved  up,  and  then  let  fall  again.  We  may  eoneeive  the  aame  eflbec  to 
be  produced  on  a  small  scale,  if,  by  some  mechanical  force,  a  pavement 
composed  of  large  flags  of  stone  should  be  raifled  up,  and  then  allowed  to 
fall  suddenly,  so  as  to  iLsuinc  iis  orii;inal  position.  If  any  small  pebblen 
happened  to  be  lying  on  the  line  of  conlacl  of  two  tla<(s,  they  would  fall 
into  the  opeiiiii^i  when  the  pavement  rose,  and  be  swallowed  up,  so  thai 
no  trace  of  them  would  appcnr  after  the  gul).sidence  of  the  stones.  In  the 
same  manner,  whefi  ihe  earth  was  ujtheaved,  large  houses,  trees,  rattle, 
and  men  were  engulfed  in  an  in.stanl  in  chasms  and  fissures  ;  and  when 
ihe  ground  sank  down  again,  tiie  earth  closed  upon  them,  so  that  no  ves- 
tige of  them  waa  discoverable  on  the  surface.  In  many  instances,  indivi- 
duals were  swallowed  up  by  one  shock,  and  then  thrown  out  again  alive, 
together  with  large  jeta  of*  water,  by  the  shock  which  immediately  aao> 
needed. 

At  Jerocarne,  a  country  which,  aooordin^^  to  the  Academioiane,  waa 
itummUd  in  a  moat  extraordinary  manner,  the  fiaanraa  ran  in  every  direc* 
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lion  like  eraclu  on  a  broken  pane  of  glass*'  (see  Fig.  47*) ;  and*  as  • 
great  portion  of  tliem  remained  open  after  the  shocks»  it  is  very  poesible 
that  tiiis  country  was  permanently  upraised.  It  was  usoalf  as  wa  lemm 
from  Dolomieu,  for  the  chasms  and  fissures  throughout  Calabria  to  nm 
parallel  to  the  course  of  some  pre-existing  gorges  in  their  neighboiirhood* 


Fig.  47. 


Future*  nctir  Jtrommc,  tn  Calabria,  caused. by  the  earthptoke  of  1783. 

BouitM  cngtijred.— In  the  vicinity  of  Oppido,  the  central  point  inm 
which  the  earthquake  diffused  its  violent  movements,  many  houses  wave 
awalkiwed  up  by  the  yawning  earth,  which  closed  immediately  over  them* 
III  the  sdjacent  districtt  also,  of  Cannamaria,  four  farm-houses,  several 
oil-stores,  and  some  spacious  dwelling-houses  were  so  completely 
engulfed  in  one  chasm,  that  not  a  Tcstige  of  them  was  afterwarda  dis- 
cernible. The  same  phenomenon  occurred  at  Terranuova,  8.  Chriatina* 
and  Sinopoli.  The  Academicians  state  particularly,  that  when  deep 
abysses  had  opened  in  the  argillaceous  strata  of  Terranuova,  and  houses 
had  sunk  into  them,  the  sides  of  the  chasms  closed  with  such  Tiolence, 
that,  on  excavating  afterwards  to  recover  articles  of  value,  the  workmen 
found  the  contents  and  detached  parts  of  the  buildings  jammed  together 
so  as  to  become  one  compact  mass.  It  is  unnecessary  to  accomulata 
examples  of  similar  occurrences  ;  but  so  many  are  well  authenticated 
during  this  earthquake  in  Calabria,  that  we  may,  without  hesitation, 
yield  assent  to  the  accounts  of  catastrophes  of  the  same  kind  repeated 
again  and  again  in  history,  where  whole  towns  are  declared  to  have  been 
engulfed,  and  nothing  but  a  pool  of  water  or  tract  of  sand  left  in  their 
place. 

Cha$m/ormed  ntar  Oppido.— On  the  sloping  side  of  a  hill  near  Oppido 
a  great  chasm  opened  ;  and,  although  a  large  quantity  of  soil  was  precipi- 
tated  into  the  abyss,  together  with  a  considerable  number  of  olive-trees 
and  part  of  a  vineyard,  a  great  gulf  remained  after  the  shock,  in  the  form 
of  an  amphitheatre,  500  feet  long  and  200  feet  deep.   (See  Fig.  48.) 
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Fig.  48. 


dam  formed  by  the  eartkfuake  qf  1783  mmr  Oppido^  m  CaUkrU, 


JJimensions  of  jicro  fissures  and  chasms. — According  to  Grimaldii 
many  fissnr^s  and  chasms,  formed  by  the  firat  sliock  of  February  5th, 
were  greatly  widened,  iengthened,  and  deepened  by  the  violent  convol- 
•ions  or  March  28lh.  In  the  territory  of  8an  Fili  this  observer  found  a 
new  ravine,  half  a  mile  in  length,  two  feet  and  a  half  broad,  and  tweoty- 
iive  feet  deep ;  and  another  of  (similar  dimensions  in  the  territory  of 
Rosamo.  A  ravine  near/y  a  mile  long,  105  feet  broad,  and  thirty  feet 
deep,  opened  in  the  district  of  Plaisano,  where,  also,  two  gulfs  were 
esused— one  in  a  pluce  called  Cerzutle,  three^qnarters  of  a  mile  long,  150 
feel  broad,  and  above  07ie  hundrtd  feet  deep  ;  and  anotlier  at  La  Fortuna, 
nearly  a  quarter  of  a  iniiu  long,  ubuve  thirty  feet  in  breadth,  and  no  less 
tli.m  225  fi'et  deep. 

In  the  distrii'l  of  Fosolaiio  three  'iwXh  opened  :  one  of  these  inea- 
*iirpd  300  U  v\  sqiimv.  niid  above  thirty  feet  deep  ;  another  was  nearly 
balf  a  njih;  b»no:,  lincen  leel  broad,  i\m\  above  thirty  feet  deep;  the  third 
was  750  feel  s  pnire.  Lastly,  a  calcareous  mountain,  called  Zefirio,  at 
the  sonthern  extremity  of  tiie  Iiaiian  peninsula,  was  cleft  in  two  fur  the 
length  of  nearly  half  a  mile,  and  an  irregular  breadth  of  many  feet.  Some 
of  the^e  chasms  were  in  the  form  of  a  crescent.  The  cut  (Fig*  49,  p. 
402,)  represents  one  by  no  means  remarkable  for  its  dimensions,  which 
remained  open  by  the  side  of  a  small  pass  over  the  hill  of  St.  Angelo, 
near  Soriano.   The  small  river  Mesima  is  seen  in  the  foreground. 

Formation  of  new  lakes. — ^In  the  vicinity  of  Seminara,  a  lake  was 
suddenly  formed  by  tlie  opening  of  a  great  chasm,  from  the  bottom  of 
which  water  issued.  This  lake  was  called  Lago  del  Tolfilo.  It  extended 
1785  feet  in  length,  by  037  in  breadth,  and  52  in  depth.  The  inhabit- 
ants, dreading  ihe  miasma  of  this  stagnant  pool,  endeavoured,  at  great 
Vol.  I.— ^  A 
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Fig.  49. 


Chasm  in.  the  hill  of  St.  .ingelo,  near  Soriano,  in  Calabtia,  caused  by  tkt 

earthquake  of  1783. 


cost,  to  drain  it  by  canals,  but  without  success,  as  it  was  fed  by  springs 
issuing  from  the  botiom  of  the  deep  chasm.  A  small  circular  subsidence 
occurred  not  far  from  Polistena,  of  which  a  representation  is  given  (Fig. 
50.). 


Fig.  50. 


Circular  jtond  near  Polisiena,  in  Calahria,  caused  by  the  earthquake  of  I783L 

Gradual  closing  in  of  fissures. — Sir  W.  llarailion  was  shown  several 
deep  fissures  in  the  vicinity  of  Mileto,  wiiich,  although  not  one  of  them 
was  above  a  foot  in  breadth^  had  opened  so  wide  during  the  earthquake 
as  to  swallow  up  an  ox  and  nearly  one  hundred  goats.  The  Acaderoi* 
eians  also  found,  on  their  return  llirough  districts  which  they  had  parsed 
at  the  commencement  of  their  tour,  that  many  rents  had,  in  that  shorl 
interval,  gradually  closed  i:i>  so  Uiat  their  width  had  diminished  several 
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feet,  ail. I  the  opposiio  wnlls  h.n\  somotiuies  nearly  met.  It  i.s  natural  that 
this  should  li.ippca  in  ar^Mllarcoiis  strata,  whilfi,  in  more  sulul  rocks,  we 
niny  exj>e«'l  ilial  fissure**  will  reiaain  open  for  ages.  Should  this  be  n5Cfrr 
lamed  to  Ih^  a  ijonoral  fact  in  countries  convulsed  Hy  rnrlfir|nakes,  it  may 
HlFord  a  sati^ifiirtory  explanation  of  a  common  phenomenon  in  mtiicrnl 
veins.  Such  veins  often  retain  their  full  size  so  long  as  the  rocks  iSOMisI 
of  Itmeiione,  fraiiite«  or  other  indurated  matoriaU;  hot  tliey  conimel 
iiieir  ilimeiwlons,  become  mere  threads*  or  ire  even  entirely  nt  oC 
where  iminftB  of  an  ai^Uaceoue  nature  are  inierpoeed.  If  we  eitplioie 
the  illiny  Hp  of  fieeoree  with  melallic  and  other  ingredieiile  to  be  a  piw» 
cese  iw4*ifui;  agee  for  its  conipleCioD«  it  ie  obvioue  that  tho  op|ioeite 
waOs  ^  Mittli)  where  strau  eonsiet  of  yielding  metenaU*  muet  ciilapee 
or  apiiwiiflli  mry  near  to  each  other  before  evffieient  time  is  allowed  fot 
the  aocMlion  of  a  large  quantity  of  vetnelone. 

Thermal  uMdtn  wgnuni^d.-^lx  it  euted  by  Grimaldit  that  the  tiwrmal 
walert  of  St  Eofeinia,  in  Terra  di  Amato,  which  fint  burst  out  during  lh« 
earthquake  of  1088,  acquired,  in  February,  1733,  an  augmentation  bmh 
in  quantity  and  degree  of  licat.  This  fact  appears  to  indicate  a  connex- 
ion between  the  heat  of  ihe  interior  and  the  tiaaures  caused  by  the  Cala- 
brian  eanliqii.ikcs,  notwithstanding  the  absence  of  vokauic  rocks,  either 
ancient  or  modern,  in  that  district. 

Boi/n<li)!Lr  of  thtarlied  rnaist  s  into  t/ie  (tir.—^'Vho  viidenre  dl  ttic  move- 
meril  of  i!ie  ground  upwards  was  singularlv  iilustraieil  by  what  ilie  Acade* 
micans  call  the  sbalzo,'*  or  bounding  into  the  air,  to  the  height  of 
several  yards,  of  masses  slightly  adhering  lo  the  surface.  In  some  towns^ 
a  great  pan  of  the  pavement  stones  wero  thrown  up,  and  found  lying  with 
their  lower  sides  uppermost.  In  these  eases,  we  must  suppose  that  they 
were  propelled  upwards  by  the  momentum  which  they  had  acqairad ;  and 
that  tho  adhesion  of  one  end  of  the  mass  being  greater  than  that  of  the 
other,  a  rotatory  motion  had  been  eommunicated  to  them*  When  tho 
stone  was  projected  to  a  suffieient  height  to  perform  somewhttt  aMire  than 
a  quarter  of  a  revolution  in  tlie  air,  it  pitched  down  en  its  edgOt  and  M 
with  its  lower  side  uppermost. 

EffiuiB  tf  earthquakes  on  the  exeavation  of  valUys^'^The  nest  oleie  iif 
effects  to  be  considered,  are  those  more  immediately  connected  with  the 
formation  of  valleys,  in  wfiich  the  action  of  water  was  often  combined 
with  that  of  the  earthquake.  The  coantry  agitait  J  was  composed,  as  be- 
fore silted,  chiefly  of  argillaceous  strata,  inlersectevl  by  deep  narrow  val- 
leys, i^omeiimes  from  five  lo  six  hundred  feel  deep.  As  the  boundary 
cliffs  were  in  great  part  vertirnl,  it  will  readily  be  conceived  that,  amidst 
the  various  movements  of  the  earili,  the  precipices  overhanging  rivers, 
being  without  support  on  one  side,  were  ofien  thrown  down.  We  iind, 
indeed,  that  inundations  produced  by  obstructtous  in  river*eourses  are 
among  tfaB  most  disastrous  eonaequennee  of  goeai  earthquakes  in  all  parte 
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of  tha  woild;  for  tha  aOavitl  plaint  in  ikp  boilomt  of  vaUciyB  m  oanally 
the  mcwt  fertile  and  well-peopled  parte  of  the  whole  eottaury  l  end  whethor 
the  eite  of  a  town  ie  above  or  below  a  tempoiery  barrier  in  the  ebannel  of 
a  riTer,  it  ia  expoted  to  injury  by  ibe  walen  either  of  a  lake  or  flood. 

Landslips. — From  eaeh  tide  of  the  deep  valley  or  ravine  of  Terranuova, 

enormous  masses  of  the  adjoining  flat  country  were  detarhedf  and  cast 
down  inio  ilie  course  of  ihc  river,  so  as  to  give  rise  to  grt  ai  Likes.  Oaks, 
olive-trees,  vineyards,  and  corn,  were  often  seen  trrowing  ihe  boiiom 
of  the  ravine,  as  little  liijuied  as  their  former  companions,  whicli  siiil 
cDiitiiiued  to  iIimhisIl  111  the  plain  above,  at  least  five  hundred  feet  higher, 
and  :tt  the  distance  of  about  three-quarters  of  a  mile.  In  one  part  of  this 
ravine  was  an  enormous  mass,  two  hundred  feet  high,  and  about  lour 
bimdred  feet  at  its  base,  which  had  been  detaclied  by  some  former  earth* 
qnake.  It  is  well  attetied,  that  this  mass  travelled  down  tlie  ravine  nearly 
four  milee,  having  been  pot  in  motion  by  the  earthquake  of  the  5th  of 
Febmary.  Hamilton*  after  examining  the  spot,  declared  that  than  phnw 
menon  might  be  accounted  for  by  tha  deelivity  of  tha  valley,  the  greet 
ebvndance  of  rain  which  fell,  and  the  great  weight  of  the  nUaviel  nietl«r 
whioh  preaeed  behind  it.  Dolomien  alto  aUudee  to  the  lieah  impolae  de* 
lived  from  other  maaaee  falUng,  and  pieaeing  npoo  the  leer  of  thoee  lint 
■et  in  motion. 

The  fiiet  aoooant  aent  to  Napke  of  the  two  gieet  elidee  or  landilipi 
above  allnded  to,  which  oenaed  a  graat  lake  neer  Terranoovat  wee  oonofaid 
in  theae  worde:— <^  Two  monntaine  on  ihe  oppoeite  eidee  of  a  vaOey 
waUted  tnm  their  original  position  nntfl  they  met  in  ihe  middle  of  the 
plain,  and  there  joining  lugeiher,  they  intercepted  the  course  of  a  river," 
<fcc.  The  expressions  here  used  resemble  singularly  those  applied  la 
phenomena,  prububl)  very  analojcrous,  whicfi  arc  s mi  to  have  occurred  at 
Fez,  during  the  great  Lisbon  eanh(^uakc,  as  also  m  Jamaica  and  Java  at 
Other  periods. 

Not  iar  Ifoiii  Soriano,  uliich  was  levelled  to  the  ground  by  the  great 
shock  of  February,  a  small  valley,  containing  a  beautiful  olive-grove, 
called  Fra  Ramoudo,  underwent  mo*«t  extraordinary  revoiunon.  Innu- 
merable fissures  first  traversed  the  river- plain  in  all  directions, and  absorbed 
the  water  until  tlie  argillaceous  substratum  became  soaked,  so  that  a  great 
pert  of  it  was  reduced  to  a  state  of  flaid  paste.  Strange  alteratione  in  the 
oadlae  of  the  ground  were  the  eonseqnenee,  as  tlie  soil  to  a  great  depdi 
waa  easily  moulded  into  anj  form.  In  addition  to  this  changOy  the  miii 
of  Ihe  neighbouring  hills  were  pvecipitated  into  the  hollow  $  and  while 
many  olives  were  uprooted,  others  remained  growing  on  the  fallen  masemb 
and  inelined  at  variooe  angles.  (See  Fig.  51,)  The  emsU  river  Caiidi 
waa  entirely  concealed  for  many  days ;  and  woenat  length  It  leappeaied, 
it  had  shaped  for  itself  an  entirely  new  ohanneL 
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Fig.  51. 


1.  Portion  of  a  iiill  covered  with  oltvefl  thrown  down. 
2.  New  bed  of  the  river  Caridi.  3.  Town  of  Soriano. 

Buildings  tranfporied  entire  to  great  (/i4/a/}re«.— Near  Seoiinara,  an 
extensive  oiive-ground  and  orchard  were  harled  to  a  distance  of  two  hun« 
dred  feet,  into  a  valley  sixty  feet  in  depth.  At  the  same  time  a  deep 
chasm  was  riven  in  another  part  of  the  high  platform  from  which  the 
orchard  had  been  detached,  and  the  river  immediately  entered  the  fissure, 
leaving  its  former  bed  completely  dry.  A  small  inhabited  house,  stand- 
ing on  the  mass  of  earth  carried  down  into  the  valley,  went  along  with  it  . 
entire,  and  without  injury  to  the  inhabitants.  The  olive  trees,  also,  eon- 
tinned  to  grow  on  the  land  which  had  slid  into  the  valley,  and  bore  the 
same  year  an  abundant  crop  of  fruit. 

Two  tracts  of  land  on  which  a  great  part  of  the  town  of  Polisiena 
stood,  consisting  of  some  hundreds  of  houses,  were  detached  into  a  con- 
tiguous ravine,  and  noariy  across  it,  about  half  a  mile  from  their  original 
•ite  ;  and  wiiat  is  mo^'t  extraordinary,  several  of  the  inhabilanls  were  dug 
out  from  the  ruins  alive  and  unhurt. 

Two  tenenjent*;,  near  Mileto,  called  the  Macini  and  Vaticano,  about  a 
mile  long,  and  half  a  mile  broad,  were  carried  for  a  mile  down  a  valley. 
A  thatched  cottage,  together  with  large  olive  and  mulberry  trees,  most  of 
which  remained  erect,  were  carried  uninjured  to  this  extraordinary  dis- 
tance.  According  to  Hamilton,  the  surface  removed  had  been  long  under- 
mined by  rivulets,  which  were  afterwards  in  full  view  on  the  bare  spot 
deserted  by  the  tenements.  The  earthquake  seems  to  have  opened  a 
•  passage  in  the  adjoining  argillaceous  hills,  which  admitted  water  charged 
with  Jooae  soil  into  the  subterranean  ehtnnels  of  the  rivulets  immediately 
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under  the  tenements,  so  that  the  foundations  of  the  ground  set  in  motion 
by  the  earthquake  were  loosened.  Another  example  of  subsidence,  >vhere 
the  edifices  were  not  destroyed,  is  mentioned  by  Grimaldi,  as  having 
taken  place  in  the  city  of  Catanzaro,  tlie  capital  of  the  province  of  that 
name.  The  iiouses  in  the  quarter  called  San  Giuseppe  subsided  wiih  the 
ground  to  various  depths  from  two  to  four  feet,  but  ihe  buildings  remained 
uninjured. 

It  would  be  tedious,  and  our  space  would  not  permit  us,  to  follow  the 
diHTercnt  authors  through  their  local  details  of  landslips  produced  in  minor 
valleys;  but  they  are  highly  interesting,  as  bliowing  to  how  great  an  ex- 
tent the  power  of  rivers  to  widen  valleys,  and  to  carry  away  large  por- 
tions of  soil  towards  the  pea,  is  increased  where  earihquakes  are  of  peri- 
odical occurrence.  Among  other  territories,  ihat  of  Cinquefrondi  was 
greatly  convulsed,  various  portions  of  soil  being  raised  or  sunk,  and  in- 
numerable fissures  ln»versing  the  country  in  all  directions.  (See  Fig.  52.) 
Along  the  flanks  of  a  small  valley  in  this  district  thero  appears  to  have 
been  an  almo:>t  uninterrupted  line  of  landslips. 

Fig.  52. 


Landslips  near  Cinquefrondi,  caused  by  the  earthqwike  of  1783. 


Number  of  new  formed  lakes. — Vivenzio  states,  that  near  Sitizzano  a 
valley  was  nearly  tilled  up  to  a  level  with  the  high  grounds  on  each  side, 
by  the  enormous  masses  detached  from  the  boundary  hills,  and  cast  down 
into  the  course  of  two  streams.  By  this  barrier  a  lake  was  formed  of 
great  depth,  about  two  miles  long  and  a  mile  broad.  The  same  author 
mentions  that,  upon  the  whole,  there  were  fifty  lakes  occasioned  during 
the  convulsions  :  and  he  assigns  localities  to  all  of  these.  The  govern- 
ment surveyors  enumerated  215  lakes,  but  they  included  in  this  number 
many  small  ponds. 

Currents  of  mud. — Near  S.  Lucido,  among  other  places,  the  soil  is  • 
described  as  having  been    dissolved,*'  so  that  large  torrents  of  mud  in- 
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■idited  all  tbt  low  gronndsv  likeUfi.  Jut  eatrging  from  thia  mud,  the 
tops  only  of  trees  and  of  the  roina  of  farmbonaea  were  aeen.  Two  milea 
from  Laureana,  the  awampy  soil  in  two  ravines  became  filled  with  cal- 
careous matter,  which  oozed  out  from  the  ground  immediately  before  the 
first  great  shock.  This  mud,  rapidly  accumulating,  began,  ere  long,  to 
roll  onward,  like  a  flood  of  lava,  into  the  valley,  where  the  two  streams 
uniiintr,  niovcul  forward  with  increased  impetus  from  east  to  west.  It 
DOW  presented  a  breadth  of  225  feet  by  fifteen  in  depth,  and,  before  it 
ceased  to  move,  covered  a  surface  equal  in  length  to  an  Italian  mile.  In 
Us  progreaa  it  overwhelmed  a  flock  of  thirty  goats,  and  tore  upl  by  the 
loolB  many  dive  and  molberry  tieeat  which  floated  like  ahipa  upon  Ita 


Fig.  53. 


^>^,,gfffgjl/fMfltma  im  the  pimtt  oj  HoMrno^Jormed  by  the  earthquaJu  qf  1783. 


rtifilii.  '^iPnefl  Ihta  calcareoos  lava  had  ceased  to  move,  it  gradually 
lMeami^-4r^  mid  hard,  during  which  process  the  mass  was  lowered  seven 
ftet  aid  rMf.  It  contained  fragments  of  earth  of  a  ferruginous  colour, 
and  emitting  a  sulphureous  snudl. 

Cones  of  sand  Ifirjwn  vp  — Many  of  the  npprp.mjirrs  cxliihited  in  the 
alluvial  phiins  iiiJ.uMte  dearly  the  altcrnalf*  ri>in;j  uiul  sitikiit;^  of  the  ground, 
'i  lie  first  effect  of  the  mure  violent  shocks  u  is  umi;i1Iv  to  drv  up  the 
rivers,  but  they  inunedialcly  afuTuards  ovfillowed  their  hanks.  Along 
the  alluvial  plains,  and  in  niarsliy  places,  an  iunnense  nunihcr  ol  cones 
<>l  sand  were  thrown  up.  These  appearances  Hamilion  explains,  by 
isupposini,'  ilial  the  first  inovcnieiil  raised  the  fissured  plain  from  helow 
n|nvariU,  :^o  that  the  rivers  and  stagii  uit  waters  in  hogs  sank  down,  or  at 
least  were  not  upraised  with  the  aoil.   But  when  the  ground  returned 


Digitized  by  Google 


408 


EARTHQUAU  IN  OALABEIA,  1TB3. 


IMiIf. 


with  Tiolano*  to  its  iotrnm  potitioOf  tilt  walsr  wu  thrown  up  m  jali 
through  Atforet.* 

IhrmtUion  ^ dreidar  AolK0«Pt«— la  tho  repoit  of  tho  Aeademyv  wofiai 
that  MMiio  plaint  wert  eoftrad  with  eirenbr  hoUowa,  for  the  moot  part 
,  tbont  the  tlit  of  oanriaft-whet]t«  bni  often  toanewhai  larfer  or  taaUtr. 
When  filled  with  water  to  withm  a  foot  or  two  of  the  anriaee*  tfaof  ap- 
peared like  wettt ;  hot,  in  ganofal,  they  were  filled  with  dry  aand,  sonie- 
tioies  with  a  concave  surface,  and  at  other  times  convex.  (See  Fig.  53, 
p.  407.)  On  diffirinffdown,  ihey  found  iheni  to  ho  funnel  shaped,  and  the 
moist  h)Ose  sand  iii  ihe  centre  niarkcil  ilie  lube  up  whicli  ihe  water  spouted. 
'J'he  annexed  cut  (ri*?.  54.)  represents  a  section  of  one  of  these  inverted 
cones  when  the  water  had  disappeared,  and  nothing  but  dry  micaceous 
sand  reraaiued. 


I1ff.54. 


Stttim         tftkM  drcnUw  koUmoaJhrmad  m  the  pUum  tff  Rotrnn; 

Full  of  tlic  sfd  cliffit. — Along  the  sea-coast  of  the  Straits  of  Meeatna, 
near  llie  celebrated  rock  of  Scilla,  the  fall  of  huge  masses  dciached  from 
the  bohl  and  lofty  clids  overwlielnicd  many  villas  and  gardens.  At  Giau 
Greco  a  continuous  line  of  clifl",  for  a  mile  in  length,  was  thrown  down. 
Great  agitation  was  frctjuently  observed  in  the  bed  of  the  sea  durine  the 
shocks,  and,  on  those  parts  of  the  coast  where  the  movement  was  most 
violent,  all  kinds  of  fis'i  were  taken  in  abundance,  and  with  unusual 
facility.  Some  rare  species,  as  that  called  Cicirelli,  whicli  usually  lie 
buried  in  the  sand*  were  taken  on  the  surface  of  the  waters  in  great 
quantity.  The  sea  ia  aaid  to  h»ve  boiled  up  near  Meaaina,  and  to  hate 
been  agitated  as  if  by  a  copious  discharge  of  vapours  from  its  bottom. 

Shore  near  ScUla  inundated. — The  Prince  of  Scilla  had  persuaded  t 
great  part  of  his  vassals  to  betake  themselves  to  their  fishing-boats  for 
aafety«  and  he  himself  had  gone  on  board.  On  the  night  of  the  6th  ef 
February t  when  some  of  the  people  were  aleeping  in  the  boatt*  and  otbaia 
on  a  level  plain  slightly  elevated  above  the  sea,  the  earth  rocked,  and 

*  Phil.  Traxu.,  vol.  Ixziii.  p.  IdD. 
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— ddtJy  •  gmi  mmwm  imm  tnm  fk^muHigmm  UmtA 
4teow»  4loM  wMi  ft  dwidfol  omii  vpMi  th«  plaia.  tondinriy  iftHN 

ttMlMl,  teMMRMM  bMk  igaM  witii         vinliaqiy  Wnting iwdi 
h  MM  of  tbt  people  «a4  uuoMli  it  kad  wnadftwaj.  Al  teMMtiM 
•wrv  IwBi  WW  full  or  tlirfied  miimI.  iIm  bmeh,  sad  tome  of  them 
swept  far  inland.   The  aged  Prince,  witli  1430  of  ki*  jpeople,  was  de* 
•Iroyed. 

State  of  Stromboli  ofid  Etna  during  the  shocks.^The  inhabitants  of 
Pizzo  remarked  that,  on  the  5ih  of  February,  1788,  when  the  fir^si  ^reat 
shock  afflicted  Calabria,  the  volcano  of  Btromboli,  which  is  in  full  view 
of  that  low II,  and  at  the  distance  of  ahoul  dlly  miles,  smoked  less,  and 
threw  up  a  less  quantity  of  inflamed  matter,  than  it  had  done  for  some 
years  previoueiy.  On  the  other  hand,  the  great  cmler  of  Etna  ia  said  to 
kftve  given  out  a  considerable  qmukiky  at  fspoor  towards  th«  hegMuiqfv 
mad  StraoMI  towards  the  cIom,  «f  Um  MHnotions.  But  as  no  emptkNi 
iMppenad  from  either  of  thesa  great  fWtf  during  the  wh(d«  ewthqualWr 

MMM  of  Iho  Cnkbffian  loaiwMoiWt  nd  ol  tM 
oBd  fltmmbflti,  tpfoar4o4Mi  voiy  iodopeadofti of  oooh  oOmti  mitm,  kt* 
4aod»  A&y  haio  dw  mm»  mafmSt  lolndoa     Yotofliii  Mid  liio  voltMtf 
of  iIm  Fblcfinaii  fMb  and  loeMo*  a  violnit  dIftaHbtteo  iB  ow  diMriiC 
•arrfBg  aa  •  adbtjMrdvo  to  diaoihortaiid  bolk  ooforbafaf  in  Ml  aodvi^ 

Bl  OBOa* 

AcBoafiana  ^  mittey$^lt  ia  ImpoaalMo  for  tlie  geologist  iq  ooaaidor 
BMaadfaly  iIm  oflbel  of  thta  single  earthquako  of  17M«  and  fa  look  Ibi^ 
ward  to  the  alterations  in  the  physical  condition  of  tho  eooatry  to  which 
a  continued  series  of  such  movements  will  hereafter  give  rise,  without 

perceiving  that  the  tWmalion  of  valleys  l)y  running  water  can  never  be 
finderslood,  li  \vc  consider  the  ([ucslioii  independently  of  tlie  agency  of 
•earthquakes.  It  tmist  not  bo  iinagiiu  d  that  rivers  only  begin  to  act  when  • 
a  country  is  already  elevaled  i'ar  above  ibe  level  of  t)ie  sea,  lur  Uieir  action 
riuisl  o("  iicccss^ity  be  mosl  powerful  while  bud  is  risino^  oi  sinking  by 
miccegslve  niovemeiil.s.  Wliother  Caliibrni  is  now  under^^oing  any  con- 
•sidernble  change  of  relative  level,  in  regard  to  the  sea,  or  is,  upon  the  ^ 
whole,  nearly  stationary,  is  a  qnestion  which  our  observations,  confiaod 
slmoat  entirely  to  the  last  half  century,  cannot  poasibly  enable  us  to  de- 
lerroine.  Sat  we  know  that  strata,  ooatsiidng  species  of  shalla  Idaatieal 
wM  those  now  liflmg  Ifl  the  oontignons  parts  of  the  MediterraBOOBi  kafO 
%oaai  fldaad  Is  tkatooBRirf,  aa  Aayhafo  ki  Sioitj^lo  dio  koigktof  aofocil 

BfoWf  ikoao  goalugiala  who  ^nai  dioi  iko  piaaaul  oooiao  of  NotHO  ki 
Ao  inoBlBMto  worid>  kaa  oontkiood  the  kme  akiea  Iko  oxlatng  apoctai  al 
sinda  wofaia  boiagt  wfll  ool  M  rarpriso  Aok  Aa  OafaMan  altoBBM 
▼ocL-^  B 
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tnd  rivers  hvwB  eat  o«t  of  MMih  mmptnA^f  aofan  ftnte  »  fiMl  tfv* 

tern  of  valleys,  varyinf  in  depth  from  fifty  to  llx  IWBdltd  CmC,  end  ota 
several  miles  wide,  it  they  consider  how  numeroua  must  have  been  Ute 
eariliquakts  vvhK*h  lifted  ihose  recent  inarine  strata  to  so  prodigrious  z 
height.  Some  speculators,  indeed,  who  disregard  ihc  analogy  of  cxi^iiin^ 
Nature,  and  who  are  always  ready  to  assume  ilmt  her  forces  were  mure 
enprjyptic  in  hv-crone  a^es,  may  dii?penise  with  :i  loni:  series  of  movements, 
and  fc;ii|)jK)sc  iIkii  Calabria  '♦rose  like  an  exhaiaiiuii  *  from  ilie  tJcrij,  iUit 
tlie  manner  of  Miilon's  Pandemonium.  HiH  such  an  hypoiFirsi>  wouid 
deprive  them  of  that  peculiar  removing  force  required  lo  iorm  a  regular 
■ytlMS  of  deep  and  wide  valieys;  for  iime,  which  tiiey  are  so  unwtiUng 
to  oMume,  ii  eeeoniial  to  tlio  opmiioB.  Tine  iMMii  be  allowod  km  tbo 
iMtvalo  bolween  distinct  convulsions,  for  ninniof  wolet  to  door  owi^ 
fkm  loiot  OMHod  by  tonridipti  olborwiao  tlie  faUan  maitet  witt  secte  m 
b«tliMPes,  and  prevent  the  sueooediBg  owtbquake  Slum  exertinf  its  fntt 
power.  Tho  tickai  oS  the  vallt y  mutt  be  again  eut  awtj  by  tho  oUnaay 
•ad  nado  to  fcrm  pree&iHCM  tad  ovorhtagiog  elifii,  bofom  Ifao  matohoofc 
oaa  Hko  oAot  In  the  oamo  mooay. 

Foiiibly  tho  difoetioo  of  tiio  ancoaadiDg  tboek  My  not  eoiaeido  widi 
that  joif  tho  vaUoy*  o  gtoat  oxtant  of  adjacent  ooontry  being  oqnaily  ahakm* 
fltUI  it  will  nmlly  happen  that  no  permanent  geographical  change  will 
be  piodnoad  ozoept  in  vi^eya.  In  them  nione.  will  oocnr  laadalipe  horn 
the  bonndary  eliffiit  end  theio  will  fiequandy  divert  the  etieam  fiom  itn 
accustomed  course,  canting  the  original  ravine  to  become  both  wider 
and  more  tortuous  in  its  direction. 

If  a  single  convulsion  ul  extreme  violence  aiiuuld  agitate  at  once  an 
entire  bydrographieal  basin,  or  if  the  shocks  should  follow  t-  ic li  oiUer  ioi> 
rapidly,  the  previously  cxisung  valleys  wouid  ha  aauiiulaied,  instead  of 
bi'intr  moflitied  niul  iiibirged.  Every  stream  might  in  that  case  be  com- 
pelled to  begin  Its  upt  raiions  «new,  and  to  shape  oui  new  rhnnnels,  in- 
atead  of  continuing  to  dLcjjcn  dud  wulen  those  already  ejtcavaied.  But 
if  the  8ublerrane?in  movcjm  lus  li  ne  been  inlermiltent ;  and  if  sufficient 
perioda  liave  always  intervened  between  the  severer  aiinrks  to  allow  Iho 
drainage  of  the  country  to  be  iieariy  restored  to  its  original  atalo*  ihmi  am 
both  the  kind  and  dagrae  of  foree  sappUod  by  which  running  water  mMJ 
heUow  out  valleys  of  any  depth  or  size  conaialent  with  the  elevation  nhoto 
the  sea  whieb  the  districts  drained  by  them  may  have  attained. 

When  wo  lead  of  the  drying  np  end  deeertion  of  the  ehannele  of  riven^ 
tho  aeeonnte  moot  freqoendy  raler  to  their  defloetion  imo  eomo  other  peil 
of  the  eome  elhivial  plain»  perhnpa  eeveiel  milea  diataot.  Undor  ooitem 
flireometeaoea«  eehange  of  le?el  OMty  nndoobtedly  foiee  the  wiler  to  dow 
Of  ev  into  eome  dhrtinet  hydmsrephieet  beeia ;  bnt  ema  then  it  will  fill 
immedietely  into  aomo  other  eyalem  of  Yalieye  already  faraied. 

We  learn  fiom  hiatoiy  thatt  ever  eiaee  the  iiet  Gieek  eoMeti  eotded 
ia  Calabrin^  thet  legion  hee  beea  entjeet  to  demtatfam  by  earthqpnkeaf 
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and,  for  ihe  last  century  and  a-half,  ten  years  have  seldom  ehipsed  with- 
out a  sliock :  but  the  severer  convulsions  have  not  only  Hren  separated 
by  intervals  of  twenty,  fifty,  or  one  liiindred  years,  but  have  not  affected 
precisely  the  same  puinU  when  they  recurred.  Thus  the  earthquake  of 
1783,  although  confined  within  the  same  geographical  limits  as  that  of 
1638,  and  not  very  inferior  in  violence,  visited,  according  to  Grimaldii 
very  different  district!.  The  poinlt  where  the  looel  inteiiftity  of  ihe  foiee 
is  developed  being  thus  perpetually  wied«  more  time  ie  ellowed  for  the 
lemond  of  leparele  niountain  maaeee  thrown  into  river  channels  hj  eaeh 
dioek. 

When  chaanw  and  deep  hollows  open  at  the  bottom  of  valleys,  they 
must  often  be  filled  with  those  mod  lavas**  before  described ;  and  these 
■mst  be  extremely  analagons  to  the  enormoas  ancient  deposits  of  mod 
which  are  seen  in  many  eoentries,  as  in  the  basin  of  ihe  Tay,  Isia,  and 

North  Esk  rivers,  for  example,  it)  Scodand — alluvions  liundreds  of  feet 
chick,  which  are  neither  stratified  nor  laminated  like  the  ordinary  sedi- 
ment which  subsides  from  water.  Whenever  a  landslip  blocks  up  a 
river,  these  currents  of  mud  wiU  be  arrested,  and  accumulate  to  an  euop- 

sous  depth. 

Tfie  portion  of  the  ( Jalabrian  valleys  formed  within  tiie  last  three 
thousand  years  may  be  inconsiderable  in  amount,  compared  to  that  pre- 
viously formed,  just  as  the  lavas  which  have  flowed  from  Etna  since  the 
historical  era  constitute  but  a  smaH  proportion  of  the  whole  cone.  But  as 
a  contioned  series  of  such  eraptions  as  man  has  witnessed  would  repro- 
duce another  cone  like  Etna,  so  a  sufficient  number  of  earthquakes  like 
that  of  178S  would  enable  torrents  and  rivers  to  re-excavate  all  the  Cala- 
fariaa  valleys,  if  they  were  now  to  be  entirely  obliterated.  It  must  be 
evident  that  more  change  is  effected  in  two  centuries  in  the  width  and 
depth  of  the  valleys  of  that  region,  than  hi  many  thousand  years  in  a 
country  as  undisturbed  by  earthquakes  as  Great  Britain.  For  the 
same  resson,  Iherslbre,  that  he  who  desises  to  comprehend  the  volcanic 
phenomena  of  Central  France  will  repair  to  Yesnvius,  Etna,  or  Heda, 
so  they  who  aspire  to  explain  the  mode  in  which  valleys  are  formed, 
must  vi&ii  countries  wliere  carih  juakes  are  of  frequent  occurrence.  For 
may  be  assured,  iliai  the  power  which  uplitied  our  more  ancient  ter- 
tiary strata  of  marine  origin  to  more  than  a  thousand  feet  above  the  level 
of  the  sea,  co-operated  at  some  former  epoch  wr«K  the  force  of  rivers  in 
the  removal  of  lartTc  portions  of  rock  and  soil,  ju^i  as  the  elcvatory  power 
which  has  upraised  new  strata  to  the  height  of  several  (hou^and  feel  in 
die  south  of  Italy  has  caused  those  formations  to  be  already  intersected 
by  deep  valleys  and  favifies. 

Number  tf  permmt  who  perished  during  the  earlhquake,~^The  num- 
ber of  persons  who  perished  durii^  Ihe  earthquake  in  the  two  Calabrias 
and  Sici^  is  Bslimated  by  Uamilloo  at  about  forty  tfaousandy  and  about 
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twenty  tboMiid  MM  4M  hf  ^fidrnt/lm,  whSlMk  wnm  mmmd  hf  iMft* 

eient  Dourishinent,  ezposm  to  Htm  miwylwiBt  mmI  anlariat  aiising  frvn 

the  new  Bta^nant  lakes  and  pools. 

By  jar  liie  (greater  iiiimher  were  buried  under  the  rums  of  their  booses  » 
but  many  were  burnt  to  death  in  the  coniUgrations  which  almost  invaria- 
bly foiiowed  the  shocks.  These  fires  raged  the  more  violcinly  m  Boaie 
cities,  such  as  Uppidoi  from  the  immefise  magazines  oi  oii  which  were 
OMisumeU. 

Many  persons  were  engulfed  in  deep  tissures,  especially  tlie  peasants^ 
when  flying  across  the  o])cn  country,  and  their  skeletons  may  pcriiaps  be 
buried  in  the  earth  to  this  day,  at  the  depth  ot  several  hundred  feet. 

WbM  Dolomiftt  irisited  Messina  ai^r  the  shock  of  Fabcaaiy  6th»  be 
JwQilboa  lb«  city  as  still  presenting,  at  le«lal  a  distance,  an  imperfeel 
ioMgtt  of  iti  aacient  apkmdgiir»  Every  honse  was  injured,  but  the  walla 
wm  itamdwg;  thi  wbok  pofmlatm  had  takmi  nCoft  ui  fRMdm  hmm  'm 
MigfabowfaiMd*  tad  «U  vtf  Mtitn4»  and  aikM*  io  tfaa  itwlis  il 
■BOiaad  w  if  lb>  city  bad  bti»  dairined  wad  ikm  lai|H— 

km  ladaiipoa  hi»  faalb^  was  dial  ef  milttahaly  lod  wdaaia  **Bai 
whan  I  paid  avwr  to  Galabfia«  and  fint  behild  PolteleBa»  Iba  aMaaf 
botfor  afanoat dapthad  aw  af  lay  Iwalliat}  mj  mmd  wm  AM  wMh 
Siingled  coapaiaian  aod  lenar  i  Mbiag  bad  aaeaped ;  all  waa  lataUai 
wMi  Aadoat;  aotafwi^  baaaaarpiaoa  ofwall  ramaiaedi  aaalliidia 
were  heaps  of  stone  so  destitute  of  form,  that  they  gave  no  oonceptieii  ef 
there  ever  having  been  a  town  on  the  spot.  The  stench  of  the  dead 
bodies  siill  rose  Iromthe  ruins.  I  conversed  with  many  persons  wlio  had 
been  buried  for  three,  four,  and  even  for  live  days  ;  I  questioned  them 
respecting  their  sensations  in  so  dreadful  a  situation,  and  they  n creed 
that,  of  all  the  physical  evils  tlitiy  endured,  thirst  was  ilie  must  intolera- 
ble; and  that  their  menial  agony  was  increased  by  tlie  idea  that  ihey 
were  abandoneU  by  ibeir  ixienti^  who  might  have  rendered  them  asaiatr 
ance."* 

It  ia  appiioaed  that  abaat  a  fourth  part  of  Iba  inhabitants  of  PoUaieaa, 
and  of  some  atbar  to«BB»  were  boiled  aiivi^  vd  aagbl  have  been  aaiad 
bad  tbeia  been  no  want  of  ba«dt;  bol  la  ao  faaanl a  oslaw^*  where 
aaeh  wn  ooaapiad  with  his  own  miafoitaaait  or  Ihtaa  aC  bii  toilF*  aid 
aaald  gaudy  ba  obliioad*  Mekbar  toaw»  nar  aappliaartowat  aar  ptaiNt 
arbiibwwaidapwaiaKalMiadto^  Maay  aabi  of  aalf  dafatkwi,  fnupn^ 
by  pamtalaad  eo^ii^  taadaiBaBit  m  kf  litaMap*  or  4ia  fntiiBda  af 
fidOifbl  aaiiaaHi  are  lOMdadi  bnl  iodiYidail  aMftiom  van,  far  <ba 
laatl  ptet»  iaaflaalaaL  It  flaqpaaUy  bappaatd,  ibat  ptmom  ia  aaawh  af 
dioia  moat  dear  to  tbaai  eooU  bear  diair  moaaa<  aooM  laaajihi  tbair 

*  Difcft<'rf ration  on  \  h>^  Cftlibnau  Ktrthntisfcft,  Afi ,  trsnrittt4  in  Ptakerton'c  Voj- 
•get  a&4  Travels,  vol.  f . 
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Toices, — were  certain  of  the  exact  spot  where  they  lay  buried  beneath 
their  feet,  yci  could  afford  them  no  succour.  The  piled  masa  reaiateJ  all 
their  strengthf  and  rendered  their  efforts  of  no  avail. 

At  Terraijuova,  four  Augusiin  monks,  who  luiJ  taken  refuge  in  a 
vaulted  sacristy,  the  arch  of  which  continued  to  support  an  immense  pile 
ol  ruins,  made  their  cries  heard  for  the  space  of  four  day««  One  only  of 
the  brethren  of  the  whole  convent  was  saved,  and  "of  what  avail  was 
his  strength  to  remove  the  enormous  weight  of  rubbish  which  had  over- 
whelmed his  companions  V  He  heard  their  Toices  die  away  gradually ; 
and  when  afterwards  their  fonr  corpses  were  diaiAterred>  they  wen  found 
citpeed  in  each  other^s  arms.  Affecting  ntnetives  are  preserved  of 
■MMlion  iifed  after  the  fiftb«  eisth»  end  even  eeventh  day  of  their  ioteiw 
ment«  when  their  in&nts  or  cbtldien  had  periehed  with  hunger. 

It  night  hftve  be«n  imagined  that  the  eight  of  eufferinge  eueh  ai  tbeee 
vonld  turn  been  enflkient  to  awaken  eeniinente  of  bnnenily  and  pity  in 
the  BMMt  eavage  breaela,  hot  nothing  eookl  ezeeed  the  etroeily  of  oondnct 
end  moral  depravity  displayed  by  the  Calahrien  peeeanle :  they  aban- 
doned the  larms,  and  floeked  in  great  nnmbeie  into  the  towne-^ot  to 
leaeoe  their  counUymen  from  a  lingering  death,  but  to  plunder.  They 
dashed  through  the  streets,  iearlcss  of  danger,  amid  tottering  walls  and 
cloud;^  of  dust,  trampling  beneath  their  feet  the  bodies  of  liie  u'ouiuled 
and  lialf  buried,  and  oiica  sirippiug  them^  while  yet  living,  oi  Uieir 

doihes.* 

CoiiTJuding  remarks. — ^But  to  enter  more  fully  into  these  details  would 
be  foreign  to  the  purpose  of  llie  prcjient  work,  and  several  volumes  would 
be  required  to  giro  the  reader  a  just  idea  of  the  auderings  which  the 
inhabitants  of  many  pqpnlone  diatncta  have  undergone  during  the  earth- 
f  nakee  of  the  last  140  years.  A  bare  mention  of  the  loss  of  life — as  that 
fifty  or  a  hnndrad  thooaand  eode  perished  in  one  catastrophe  conveye 
to  Ibo  lender  no  idea  of  the  extent  of  misery  uflioled:  we  must  learn* 
fiom  the  naiintiTee  of  eyo*witnessee,  tlie  varioue  forme  in  whieh  death 
waa  enconnteiod,  the  nnmben  who  eeeaped  with  lose  of  Umbe  or  seriooa 
bodily  i^jnriee,  and  the  multitude  who  were  suddenly  reduced  to  penury 
and  want*  It  has  been  often  iemerked»  that  the  dread  of  earthquakee  is 
strongest  in  the  minde  4if  those  who  have  experieneed  them  meet  &«• 
qoently ;  whense,  in  the  case  of  ahnoet  every  other  danger,  familiarity 
with  peril  renders  men  intrepid.  The  reason  is  obvious — scarcely  any 
part  of  the  miseliief  apprehended  ill  this  instance  is  imaL''inary  ;  the  first 
siiock  IS  oficn  the  mobl  destructive  ;  and,  ai»  it  nmy  oceiir  in  tiie  Lic;id  of 
the  night,  or  if  by  day,  without  giving  the  least  warning  of  its  apjiroach, 
no  forethought  can  guard  ajj^ainst  it ;  and  when  the  convulsion  has  begun, 
no  skdl,  or  courage,  or  presence  of  mind,  can  ponil  out  the  jialli  of  safety. 
During  the  intervaUj  of  uncertain  duration,  between  the  more  fatal 

■ 

*  i>olaniiea»Jfaid. 
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shocks^  slight  tremors  of  the  soil  are  not  unfrequent;  and  as  these  some* 
times  precede  raoio  \iulent  convulsions,  t!iey  become  a  source  ul  aiixieiy 
and  alarm.  The  terror  arisiog  irom  this  cause  aiooe  is  of  itself  no  iQconv 
aidcrable  evil. 

Althougii  ntiments  of  pure  r^liL^ion  are  frequently  awakened  by  iliese 
awful  visitniioiis,  yet  we  more  i oinmiM)! v  find  that  an  habitual  stnfe  of 
fear,  a  sense  ol  helplessness,  and  a  belief  m  ihe  fuiiliiy  of  all  human  ex- 
ertions, prepare  the  minds  of  the  vulgir  for  tb«  influoooe  of  a  demoraiaiog 
■uperstition. 

Whefe  earth  j  mkos  are  ireqiieiil,  there  can  iMvar  pefffeot  security  of 
property  under  the  best  govonments  industry  ennnot  be  aimred  of  mp- 
ing  the  fruits  of  ils  labour ;  and  tbo  iioit  daring  sell  of  onlrafe  amf  o^ 
eaiionally  be  peipeirttcd  with  impunttyt  when  the  em  of  the  law  ii 
panlyaed  by  Um  generti  oonelemattoa.  It  ia  htudljr  neoeieaij  Id  add, 
that  Ihe  progroM  of  eitiUiaiion  and  nationel  wealth  mat  be  letarded  hj 
eewndaiona  which  letel  dliee  to  the  ground,  deelfoy  haihiMm,  tender 
inedi  inpaeeebie,  and  cenee  the  OMWt  eoltlvaled  viUey-plahis  to  be  oo^ 
ered  with  lakes,  or  the  mine  of  adf oining  hflb. 

Thow  geologists  who  imagine  that,  at  remote  periods,  ere  man  became 
a  sojourner  on  eartli,  the  volcanic  agency  was  more  encrfretic  than  now, 
should  be  careful  lo  I'outui  ilieir  opinion  on  strict  geological  eviiJenre,  and 
not  permit  themselves  lo  be  biassed,  as  iliey  have  often  been,  by  n  nouoa, 
that  the  disturbing  force  would  probably  be  miiigaled  fur  liir  ?:ikr  of  man. 

T  fhall  endeavour  to  point  out  in  tfic  so.|url,  that  tlie  general  tr-ndency 
of  sublerrnnenn  movement*?,  wlien  their  edects  are  ron^^idered  lur  a  snffi- 
cieni  lap^e  of  ages,  is  eminently  beneficial,  and  that  they  constitute  an 
essential  part  of  that  mechaniam  by  which  the  mtegrity  of  the  habitable 
anr&ee  is  preeerved,  and  the  very  existence  and  perpetuation  of  dry  land 
secured*   Why  the  working  of  this  same  machinery  should  be  attended 
with  ao  mnch  evil,  is  a  myeleiy  far  beyond  the  leeeh  of  our  philoeofihjr* 
and  mnet  probably  remain  ao  nntil  we  are  pennilled  to  imeetigale,  aol 
onr  planet  alone  and  ite  inhaUtatti,  bnt  other  parte  of  the  oiotal  and 
terial  nnlteree  wldt  which  they  nay  be  conneeled*  OonM  onr  anrvej 
embrace  other  woilde,  and  the  e? enti,  not  of  a  km  eenlnriee  only,  bnt  of 
periods  aa  indefinite  ae  thoee  with  which  geology  rendera  i»  famHiart 
eome  apparent  oontnidletione  might  be  reconciled,  and  eome  diffionkiee 
wonid  donbtleaa  be  cleared  vp.  Bnt  oven  tiwik  ee  oar  oapocitiee  ere 
finite,  while  the  acheme  of  th«  nnfveree  may  be  inmiite,  both  hi  time  and 
space,  it  is  presumptuous  to  suppose  that  all  sotirces  of  doubt  and  per- 
plexity would  ever  be  removed.    CJu  the  contrary,  ihey  might,  perhaps, 
go  on  augmenting  in  number ;  for  it  has  been  jusdy  said,  that  the  greater 
the  circle  of  light,  the  greater  the  boundary  of  darkness  by  which  it  is 
fturrouaded.* 

*  8ii  U.  Davy,  Consokkioas  ia  Txavel,  p.  M4< 
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tariiiquake  of  Guatiinala,  1773 — Java,  1772 — Truncatioa  of  a  lofty  cone — St.  Do- 
mingo, 1770— (ToboilMft,  1766— Liifaoa,  19S6— Bhodtt  UH  thronghoat  Europe, 
Nortlwni  Aftiea,  mnd  tba  Weit  Iiidi««— Grait  wmv*  (p.  414.)^Coiiee|itioB  B*/, 
17SO-<^P«raueote]0TiAion--~PerQ,17'l<^K«ntMhatk«,1737--JaTa,  1099  (p.  417.) 
—Riven  obttructed  by  landflips— Subsidence  in  Sicily,  I6f)3 — Moluccas,  1093— 
■Timaica,  11502 — LarL'f*  trncts  eng^ulfed — Portion  of  Port  Rnjal  sunk — Amount  of 
chancre  in  the  last  140  years — Elevation  and  subsidence  of  land  in  Bay  of  Bftie 
(p.  42d.) — Evidence  of  the  same  afforded  by  the  Temple  of  Serapi*. 

Lv  the  precedirij^  chapters  we  have  considered  a  small  part  of  those  earth- 
quakes* only  winch  have  occurred  dnrifi?  the  last  fifty  years,  of  which 
accurate  and  auihenlic  descrij)lion8  happen  to  iiave  been  recorded.  We 
may  next  proceed  to  examine  some  uf  earlier  datCf  respectiog  which  in* 
fonnation  of  geological  interest  has  been  obtained. 

Mexico,  June,  1773.— The  town  of  Guatiroaia  was  founded,  in  1743* 
on  the  side  of  a  volcano,  in  a  valley  about  three  miles  wide,  opening  to 
the  South  Sea;  nine  years  allerwarda  it  was  destroyed  by  an  earthqoake, 
and  again,  in  1778,  during  an  eruption  of  the  Yolcano.  The  ground  on 
whinh  the  town'alood  gaped  open  in  deep  fiasnrea,  until  at  length,  alWr 
five  days,  an  abyia  opened,  and  the  city,  with  all  Ita  richea,  and  eight 
thouaaod  farailiea,  was  awaltowed  up.  Every  Teettge  of  ita  former  ex- 
iitenee  waa  entirely  obliterated,  and  the  spot  ia  now  indicated  by  a  fright* 
fd  deaert,  four  leagnea  distant  from  the  present  town.* 

Jaoot  ITIt — DrunctUion  of  a  lofty  €ORe.-^In  the  year  1773,  Papan- 
dayang,  formerly  one  of  the  loftieat  volcanos  in  the  bland  of  Java,  was  in 
eruption.  Before  all  the  inhabitants  on  the  declivities  of  the  mouniain 
could  save  themselves  by  flight,  the  ground  began  to  give  way,  aiid  a 
great  part  ol  the  volcano  IVU  m  aiul  clusaj)peared.  It  is  estimated  that  an 
extent  of  ground  of  the  mouniain  itself  and  its  uiiineiliale  ein  iKnis,  fifteen 
miles  long  and  full  six  broad,  was  by  this  cuainiotion  swallowed  up  in 
the  bowels  of  the  earth.  Forty  villages  were  destroyed,  some  being 
engulfed  and  some  covered  by  the  substances  ihiown  out  on  iliis  occasion, 
and  2957  of  lite  inhabitants  perished.  A  proportionate  number  of  cattle 
were  also  killed,  and  moat  of  the  plantations  of  cotton,  indigo,  and  coffee 
in  the  adjacent  districts  were  buried  under  the  volcanic  matter.  This 
catastrophe  appears  to  have  resembled,  although  on  a  grander  scale,  that 
of  the  ancient  VesoTius  in  the  year  79.  The  eone  was  reduced  in  height 

*  Van  Hofl^Dodatoy's  Ana.  Rsgiat,  toL  zvL  p.  149. 
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finm  aina  thomwid  to  dbmn  iv»  dwMiid  Ibttf  •»!»  m  ▼tpoDn  itiD 
Mnpe  frm  the  oaler.mi  in  Mmnit,  a  naw  eona  may  one  day  riaa  aol 
of  the  raina  of  tlia  aaeiaiU  momitiia»  as  tha  nodam  Yaaiifiai  haa  rim 

from  the  remains  of  Somnia.* 

Caucasus,  1772. — About  the  year  1772,  an  earthquake  convulsed  the 
ground  Lii  the  province  at  Bi^htau,  iu  the  Caucasus,  so  that  part  oi  the 
hili  Metshuka  sunk  into  an  abyss.f 

S(.  Domingo,  1770. — Durin^^a  tremendous  earthquake  which  destroyed 
a  great  part  of  Si.  Uomingo,  innumerable  fissures  were  caused  ihroygh« 
out  the  i#?land,  from  which  mephitir  vnponr*r  P'mjinnted  ami  produced  aa 
epidemic.  Uot  sjjrings  burst  iorih  in  many  places  where  there  had 
been  no  water  before ;  but  after  a  time  they  ceased  to  fiow4 

Colombia,  1760.— Oa  the  2isi  of  Octobett  i76Af  the  ground  was  agi* 
IMad  at  oaaa  at  Canana,  at  Caraecas,  at  Maiaycabo,  and  on  the  banks  of 
the  iiva»  Caaaoare,  the  Meta,  the  Orinoeoi  aad  the  Ventuario.  ThaM 
diatriata  waaa  mocb  fissured,  and  gre«i  fidlii^  in  of  tba  aaitb  took  pbca 
iathaamaiaiaPaimri:  Trinidad  waa fiolaatly  ahakaa.  AaoMttialaBi 
ia  tba  Oiiaoaoi  aaar  iha  vaak  Atafaaoto*  aaak  down  aad  diaappaaiad^ 
At  tha  aaBM  tiiaa  tha  gvaaad  mm  lalaad  ia  tha  aaa  aaar  CariaoOi  whaia 
tha  Poiat  Dal  Gardo  waa  aalsifBd,  ▲  laofc  ah»  laaa  ap  ia  tha'  ihar 
Ouaraptca,  aaar  tba  ?ilh^  of  ICataiia.|  Tha  abaaka  aaatiaaad  ia  Ga* 
loaihia  hourly  for  fMurlaaa  aMBtha. 

Mndo9ian(t  ITM.— Tha  tawa  of  Chittagong,  ia  Beagal,  waa  ^riaa^y 
shaken  by  an  earthquake,  on  tba  Sd  of  April  1762,  the  earth  opening  in 
many  places,  and  throwing  up  water  and  mud  of  a  sulphureous  smell. 
At  a  place  callcil  Ikudavaii  a  lar<j;i3  river  Wim  diied  up;  and  at  BakaT 
Churak,  near  the  sea,  a  tract  of  i^'^round  sunk  down,  and  200  people  widi 
all  their  cattle  were  lost.  Unrallioiiiablc  chasms  arc  described  as  reaiai:!- 
ing  open  in  many  places  alter  llie  shoek-s,  and  towns  wlueh  siibsidcJ 
sevprnl  eid>ils  were  overflowed  wilh  waier;  amonc^  oihers,  Deep  Gong, 
which  WAS  submerged  lo  ilie  deptii  of  seven  cubits.  Two  volcaoos  are 
said  to  have  opanad  ia  tha  Saeta  Cuada  hilia.  Tha  alawk  waa  alao  fidi 
atCakotta.^ 

IMot^  i7M«'-4a  ao  part  oC  tha  foiaaaia  ragioa  of  aa«tham  Europe 
haa  aa  tramaadaai  aa  aaiih^aaka  aaaarwd  la  awdtni  tiaaaa  aa  that  whiah 

•  Dr.  HorHfirld,  Batav.  Trans.,  v  l  viii  p.2f>.  Dr.  11  inl i  rins  me  thai  he  haa 
seen  tliis  truncated  mouotaiu:  aiiii|  tiiuugU  he  did  not  o&ccud  it,  he  has  conversed 

vllfciaanvhelwfeflaHniBoift.  BabiraaeBeaBt(Illitaiy  ifjava,^  i.)  iidP' 
tliai  ftin  Bandria. 

t  FaDaa*e  Travels  in  8e^htni  RMk. 

t  final  tiur  riliat.  Nat.  de  I'lale  de  8t  DonuncBe,  Paris,  1776. 

I  Humboldt's  Feiaooal  Xiamtive,  fol.  i?.  p.  46;  aad  flaggio  di  Storia  ftmnriniii^ 
tol.  ii.  p.  G. 

II  Humboldt,  Voy.  Relat.  Hist.,  part  i.  p  '5fi7;  and  pnrt  ii.  p.  23= 

1  JDad«icj  a  Ann.  RofpaLf  lUXk   For  otiiex  particuiara  acc  tkiL  i  raas.,  vol.  hii. 
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b^gan  on  the  1st  of  November,  1755,  at  Lisbon.  A  sound  of  thunder 
was  heard  undergroundt  and  immediately  afterwards  a  violent  shock 
threw  dowB  the  greater  pari  of  that  city.  In  the  course  of  about  six 
miDtttee,  sixty  thousand  persons  perished.  The  sea  first  retired  and  laid 
the  bar  dry ;  U  then  rolled  in*  rising  fifty  fe^  or  more  above  its  ordinary 
level.  The  mountains  of  Arrabida,  Estrella,  Julio*  Marvaoy  and  CinCra» 
being  some  of  the  laigest  in  Portngal,  were  impetuously  shakeD«  as  it 
were,  from  their  very  foundations ;  and  eome  of  them  opened  at  their 
tommite,  which  were  split  and  rent  in  a  wonderful  manner,  huge  masaes 
of  them  being  thrown  down  into  the  subjacent  valleys.*  Flames  are 
related  to  have  issued  from  these  monotains,  which  are  supposed  to  have 
been  electric;  they  are  alto  said  to  have  smoked;  but  vast  clouds  of  doat 
may  have  given  rise  to  this  appearance. 

Subsidence  of  (hr  Quay. — 'I'he  most  extraordinary  circumstance  which 
occurred  al  Lisbon  during  llie  catastrophe  was  the  subsidence  of  a  new 
quay,  built  entirely  of  marble  al  an  immense  expense.  A  great  concourse 
of  people  had  collected  there  for  safely,  as  a  spot  where  they  might  be 
beyond  the  reach  of  falling  ruins;  but,  suddenly,  the  quay  sank  dOwn 
with  all  the  people  on  it,  and  not  one  of  the  dead  bodies  ever  floated  to 
the  surface.  A  great  number  of  boats  and  small  vessels  anchored  near 
it,  all  full  of  people,  were  swallowed  up,  as  in  a  whirlpool.t  No  frag- 
ments of  these  wrecks  ever  rose  again  to  the  surface,  and  the  water  in  the 
place  where  the  quay  had  stood  is  stated,  in  many  accounts,  to  be  un- 
fiithomable;  but  Whitehurat  says  he  ascertained  it  to  be  one  hundred 
&lhoma.| 

In  this  ease,  we  must  either  suppose  that  a  certain  tract  sank  down  into 
a  subterranean  hollow,  which  would  cause  a  "  fault**  in  the  atrata  to  the 
depth  of  six  hundred  feet,  or  we  may  infer,  as  some  have  done,  from  the 
entire  disappearance  of  the  substances  engulfed,  that  a  chasm  opened 
and  closed  again.  Yet,  in  adopting  this  latter  hypothesis,  we  must  sup- 
pose that  the  upper  part  of  the  chaaro,  to  the  depth  of  one  hundred 
fathoms,  remained  open. 

^rca  over  which  the  earthquake  extended, — The  great  area  over  which 
this  Lisbon  eatihquake  extended  is  very  remarkable.  'J'he  movement 
was  most  violent  in  Spain,  Portugal,  and  the  north  of  Africa;  but 
nearly  tlic  whole  of  Europe,  and  even  the  West  Indies,  felt  the  shock  on 
the  same  day.  A  seaport,  called  St.  Ubes,  about  twenty  miles  south  of 
Lisbon,  was  engulfed.  At  Algiers  and  Fez,  in  Africa,  the  agitation  of 
the  earth  wns  equally  violent ;  and  at  the  distance  of  eiglit  leagues  from 
idorocco,  a  village  with  the  inhabitants,  to  the  number  of  about  eight  or 

•  lii«t.  and  Philna.  of  Earthquakes,  p.  317. 

t  Rev.  C.  Davy  b  Lellera,  vol.  ii.  Letter  ti.  p.  12,  who  was  a.t  Lisbon  at  the  tiaie, 

tad  aseertuned  that  tho  boats  tad  vMielt  nid  to  hava  bsea  swallowed  wsre  miiting. 
X  On  the  Fonnatioa  of  the  £afth,  p.  56. 
Vol.     «  C 
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ien  duiQMDd  persons,  together  with  til  tbeir  caltte,  wen  f  waDowcd  Qp« 

Soon  nPtcr  t?tc  etrlh  doted  agsin  over  them. 

Shocki  felt  at  sea. — The  shock  was  felt  at  eea*  OB  the  deck  of  «  ship 
io  the  weet  of  Lisbony  end  prodoeed  very  much  the  etme  eemation  u  oa 
dry  land.  Off  Sl  Lntar.  the  ceptvn  of  the  eMp  Niney  M  hb  veeeel  eo 
▼iotenily  ehaken,  that  he  ihoughl  the  had  etniek  the  gfoondi  hot,  on 
heaving  the  lead,  found  n  great  depth  of  water.  Captain  Cbrk,  fiofli 
benia,  in  latitude  W  N.«  between  nine  and  ten  in  the  momhig,  had 
kia  ahlp  ehaken  and  etrained  ae  if  ehe  had  atruek  npon  t  took,  eo  thai  the 
ieama  of  the  deek  opened,  and  the  eompaae  wee  overtttmed  Io  the  bin* 
nacle.  Another  ship,  forty  leiij^ues  west  of  8l.  Vincent,  experienced  ao 
violent  a  concussion,  that  ihe  men  were  throw  a  a  foot  and  a-half  perpen- 
dicular up  frou)  ihe  deck.  In  Antigua  and  Burbadoe:^,  as  ulso  ia  Norway, 
Sweden,  Germany,  Holland,  Corsica,  Switzerland,  and  Italy,  Uemors 
and  s«liifhi  oscitlaiions  of  the  ground  were  felt. 

Hate  fit  which  the  movtment  travelled. — Tlie  agitn'.ion  of  1nke«,  rivers, 
and  springs,  in  (5 real  Britain,  was  remarkable.  At  lioeti  Louioml  in 
8coUand,  for  example,  the  water,  wiiiiout  the  least  apparent  cause,  rose 
against  its  banks,  and  then  subsided  below  its  usual  level.  Tb«  greatest 
perpendicular  height  of  this  swell  was  two  feet  (bur  Inches.  It  is  said 
that  the  movement  of  thia  earthquake  was  undulatory,  and  that  tt  travelled 
at  the  rate  of  twenty  miles  a  minute,  its  velocity  being  calculated  by  the 
kilcrvala  between  the  time  when  the  first  shock  was  Ibtt  at  Liabon*  and 
its  time  of  oeeonenee  at  other  distant  plaeea.* 

Ortai  toaee  mid  rtirmi  lAe  tea.— A  gnat  wa;ve  ewepi  over  Ihe 
eoast  of  Spain,  and  it  ia  said  to  have  been  elx^  Ibet  high  at  Cadis.  At 
Tangier,  in  Africa,  it  roee  and  fell  eigTiteen  times  on  die  coast.  At  Fim- 
chal,  in  Msdeira,  U  roee  foil  fifteen  Ibet  perpendieolar  abovo  high*w«ter 
mark,  although  the  tide,  which  ebba  and  flowe  theie  seven  feel,  was  then 
at  half  ebb.  Besides  entering  the  eity,  and  committing  great  havoc,  it 
overflowed  other  eeapoils  in  the  island.  At  Kinsale,  in  Ireland,  a  body 
ef  water  rushed  into  the  harbour,  whirled  round  several  vessels,  and 
poured  into  the  market-place. 

li  was  before  slated  ihai  ilie  sea  first  reiir»  1  ai  Lisbon;  and  this  retreat 
of  the  ocean  from  ilie  shore,  at  the  commenctiuent  of  an  earthqnjikp  and 
ils  subseqiipnl  rciiirii  lit  :\  violent  wave,  is  a  common  occurrence.  In 
order  to  account  for  ilie  pherjumetKvn,  Micliell  imagined  a  subsidence  at 
ihe  bottom  of  the  sea,  from  the  givjng  way  of  ibe  roof  of  some  cavity  in 
,  consequence  of  a  vacuum  produced  by  the  condensation  of  steam.  Such 
condensation,  he  observes,  might  be  the  first  eflect  of  the  introdociion 
of  a  large  body  of  water  into  teotee  and  cavitiee  already  fiUed  with 

*  Mlshall  onlKs  CSuss  lAd  Phsmmsna  of  SsiAqimlBis,  Ml.  Tnam^  voL  IL 
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fteanit  before  Ibm  baa  been  auffieieDt  lime  for  Um  heat  of  the  incan? 
descent  lava  to  turn  fo  larfe  a  supply  of  water  iat9  tleaoit  w|)iob  beiaf 
•oon  aeeompliabed  cauaes  a  gftater  exfflosion. 

Aaoiher  proposed  eiplanation  is,  the  sudden  rise  of  landt  vthw^  would 
eause  the  sea  lo  abandon  immediately  the  aneient  line  of  coast;  and  if  the 
aboie*  after  being  thus  heaved  epi  should  fall  again  lo  its  original  leye|f 
the  ocean  would  return.  This  theory,  howerer,  will  not  account  for  the 
facts  observed  during  the  Lisbon  earthquake;  for  the  retreat  precede^  the 
wave,  not  only  on  the  coast  of  Portugal,  but  also  at  the  island  of  adeirs, 
and  several  other  places*  If  the  upheaving  of  the  coast  of  Portugal  had 
caused  the  retreat,  the  motion  of  the  waters,  when  propagated  to  Madeira, 
would  have  produced  a  wave  previous  to  ihc  reireai.  Nor  could  the 
notion  of  ihc  waters  at  Madeira  have  been  caused  by  a  diirereiu  local 
earthquake;  for  the  shock  travelled  from  Lisbon  to  Madeira  hi  two 
hours,  which  agrees  wiUi  the  time  which  it  required  to  re^cb  oilier  plac^ 
equally  disLanU* 

The  lollowinir  perhaps,  the  most  probahle  solution  of  the  problem 
which  has  yet  been  olTtred : — iSuppoae  a  portion  of  liie  bed  of  the  sea  to 
be  suddenly  upheaved,  the  tot  cflect  will  be  to  raise  over  the  elevated 
part  a  body  of  water,  the  momentum  of  which  will  carry  it  much  above 
the  level  it  wiU  afterwards  assume,  causing  a  draught  or  receding  of  the  , 
water  from  Uie  neighbouring  coasts,  followed  immediately  by  the  return 
of  the  displaced  water,  which  will  also  be  impelled  by  its  momentum^ 
much  farther  and  higher  on  the  coast  than  its  former  level.f 

^.  JkmUngOf  I761.*On  the  fifteenth  of  September^  1751,  an  earlli* 
qnahf  began  in  several  of  the  West  India  Islands;  and  on  the  twenty*fir!|t 
of  November,  a  violent  shock  destroyed  the  capital  of  St.  jDomingo,  po^ 
an  Prince.  Part  of  the  eoaat,  twenty  leagues  in  length,  sank  down,  an^ 
has  ever  since  formed  a  bay  of  the  sea4 

CMlu  1750. — On  the  twenty-fourib  of  May,  1750,  the  ancient  town  of 
Conception,  otlicrwise  called  Penco,  was  totally  destroyed  by  an  earih- 
quiikc,  afid  ilje  sea  rolled  over  it.  (See  plan  of  the  Bay,  l  ig.  42,  p.  37S.J 
The  aiicieiii  pod  was  rendered  entirely  useless,  and  the  inhabitants  built 
another  town  ten  miles  from  the  ffea-coa«l,  m  order  to  be  beyond  the 
reach  of  similar  inun(lati(>!\s. 

Proofs  of  elevaiion  (f  (u  rniyfour  fett. — During  a  late  survey  of  Con- 
ceptioa  Day,  Captains  Beechy  and  Belcher  discovered  that  tiie  ancient 
harbour,  which  formerly  admitted  all  large  merchant  vessels  which  wont 
round  the  Cape,  is  now  occupied  by  a  reef  of  sandstone,  certain  points  of 
wiiich  project  above  the  sea  at  low  water,  the  greater  part  beiiif  itfj 

•  Michell,  Phil.  Trans  ,  vol  li,  p.  G14. 

t  Quarterly  Review,  No  r<{\^  p  459. 

t  Uist.  de  TAc&d.  dea  bcieuces.  17.^  f uis. 
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•Iltllow.  A  tract  of  a  mile  and  a-hslf  in  length,  where,  according  to  the 
report  of  the  inhabitants,  the  water  was  formerly  four  or  five  faihotus  deep, 
is  now  a  shoal :  consislin^,  as  our  hydrographers  found,  of  hard  sandstone, 
•0  iliat  It  i  iiHiui  b(j  ouppu£,ed  to  have  been  formed  by  recent  deposits  of 
the  river  Bjobio,  an  arm  of  which  carries  down  loose  micaceous  sand  into 
the  same  side  of  ihe  bay.  Besides,  it  is  a  well-known  fact  that  ever  sir.rc 
the  shock  of  1760,  no  vps«ols  hav*  I  ci  n  able  to  approach  within  a  mile 
and  a  half  of  the  ancient  port  of  Fenco.  (See  Map,  p.  379.)  That  shock, 
therefore,  uplifted  the  bed  of  tlie  sea  to  the  height  of  tweniy-four  feel  at 
least,  and,  most  probably,  the  adjoining  coast  shared  in  the  elevation  ;  for 
an  enormous  bed  of  shells  of  the  same  speeics  as  those  now  living  in  the 
bey«  m  seen  raised  above  high-water  mark  along  the  beacht  filled  wvh 
micaceous  sand  like  that  whieh  the  Biobio  now  conveys  to  the  bay. 
These  shells,  as  well  as  olheis«  which  cover  the  adjoining  hiOa  of  niea- 
■ehist  to  the  height  of  1000  to  1000  feet*  hate  lately  been  examined  bj 
experteneed  eonehologists  In  London,  and  identified  with  those  taken  at 
the  same  time  in  n  living  state  from  the  baj  and  its  neighbonrhood.* 

Unoa,  therefofOy  was  perfeetljr  oontet  in  bis  staiement  that,  at  Yarioos 
heights  above  the  sea  between  Tslcahnano  and  Coneeption,  mines 
were  found  of  various  sorts  of  shelUf  used  for  lime  of  the  very  same 
kinds  as  those  fonnd  in  the  adjoining  sea."  Among  diem  he  inenti<Nie 
the  great  muscle  called  Choros,  and  two  others,  which  he  describes. 
Some  of  these,  he  says,  are  entire,  and  others  broken  ;  they  occur  at  the 
bottom  of  the  sea,  in  lour,  six,  ten,  or  twelve  fathom  water,  where  they 
adhere  lo  a  sea-plant  called  Cochayuyo.  They  are  taken  in  dredges,  and 
have  no  resemblance  to  those  found  on  the  shore  or  in  shallow  water ; 
yet  l)t  ds  (jf  them  occur  at  various  heigliib  on  the  hdls.  T  was  I'wr  mure 
pleased  with  tlie  sight,"  he  adds,  "as  it  appcnrrd  to  mr  ;i  con vn-ring 
proof  of  the  universality  of  the  deluge,  although  1  am  not  ignoraut  that 
some  have  attributed  their  position  to  other  causes  ;  but  an  unanswerable 
eonfutatioD  of  their  subterfuge  is,  that  the  vartons  sorts  of  shells  whieh 
eompose  these  strata,  both  in  the  plains  and  mountains,  are  the  very  same 
with  those  found  in  the  bay."!  Perhaps  the  diluvian  theory  of  this  dis- 
tinguished navigator,  the  eompanion  of  Condamine,  may  account  for  bis 
never  having  recorded  even  reports  of  changes  in  the  relative  level  of 
land  and  sea  on  the  shorse  of  Booth  America.  He  oonld  not,  however, 
Iwve  given  us  a  relation  of  the  rise  of  the  reef  abqve  alluded  to  i  for  the 
destraedon  of  Peneo  happened  a  few  yean  afltor  the  pnblieation  of  his 
Voyages. 

If  we  duly  coiisider  these  laots,  so  reeently  brought  lo  light,  so  wiil  as 

•  Captain  Belcher  has  shownjne  these  shelU,Mid  the  ooUwstion  has  beta  easwtt* 

ed  by  Mr.  Brodenp. 
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ihe  elevations  betore  mentionrd  of  iIk?  criasi  of  Chili  in  1822  nnil  1835. 
we  shall  be  less  sceptical  ihan  Raspe,  in  regard  lo  an  event  lor  whicii 
Hooke  had  cited  Purchases  Travels,  lu  that  passage  it  was  stated,  that 
'*  a  certain  sea-coast  in  a  province  of  South  America,  called  Chili,  was, 
during  a  violent  earthquake,* propelled  upwards  with  such  force  and  velo- 
eity,  that  aome  ships  on  the  sea  were  grounded  in  it,  and  the  sea  receded 
to  a  distanee.*'  Raspe,  being  himself  of  opinion  that  all  Ihe  continents 
had  been  npraiaed  gradually  by  earthqoakea  from  the  aea,  admitted  that 
the  cireomstaace  was  not  Impoesible ;  but  he  eomplains  that  Porehas  had 
interpolated  the  account  of  the  earthquake  (which  happened,  probably,  at 
the  dose  of  the  seventeenth  century)  into  Da  Costa's  Hlstoiy  of  the 
West  Indies.* 

Peni,  1740.~Peni  was  visited,  on  the  88th  of  October,  1746,  by  an 
esrdiqnake,  which  is  declared  lo  have  been  moro  tremendous  and  exten- 
sive than  even  that  of  Lisbon  in  1766.  In  the  first  twenty-four  hours,  two 

hundred  shocks  were  experienced.  The  ocean  twice  retired  and  returned 
impcluously  upon  the  land  ;  Lima  wab  destroyed,  and  part  of  the  coast 
near  Cailao  was  converted  into  a  bay  ;  four  other  harbours,  among  which 
were  Cavalla  and  Guanape,  shared  the  same  fate.  There  were  twenty- 
three  ships  and  vessels,  great  and  small,  in  the  harbour  of  Callao,  of 
which  iiinru'cri  were  sunk;  and  the  other  four,  among  which  was  a 
frigate  called  St.  Fermin,  were  carried  by  the  force  of  the  waves  to  a 
great  distance  up  the  country.  The  number  of  the  inhabitants  in  this 
city  amounted  to  four  thousand.  Two  hundred  only  escaped,  twenty- 
two  of  whom  were  saved  on  a  small  fagment  of  the  fort  of  Vera  Cruz, 
which  remained  as  the  only  memorial  of  the  site  of  the  tewn  after  this 
dreadful  inuudation. 

A  volcano  in  Lucanas  burst  forth  the  same  night,  and  such  quantities 
of  water  descended  from  the  cone  that  the  whole  country  was  overflowed ; 
and  in  the  mountain  near  Pateo,  caHed  Conveisiones  de  Caxamarquilla, 
three  other  volcanos  burst  out,  and  frightful  terrente  of  water  swept  down 
Iheir  sides.t 

KamtMchatkot  1787,  dec.— There  aro  records  of  earthquakes  in  Kamt- 
sehatka  and  the  Kurile  Isles,  in  1797, — ^in  Martinique,  in  1727,— Ice- 

land,  1725, — ^TeneriflTe,  1706, — during  which  the  shape  of  the  ground 

bolh  above  and  beneath  the  level  of  the  sea  was  greatly  changed. 

JavOy  1G99. — On  the  5th  of  January,  1G99,  a  terrible  earthquake 
visited  Java,  and  no  less  than  208  considerable  shocks  were  reckoned. 
Many  houses  in  Batavia  were  overturned,  and  the  flame  and  noise  of  a 
volcanic  enipiMMi  w  vrt'  seen  and  heard  in  that  city,  which  were  after- 
Wards  found  to  proceed  from  Mount  8alak,:^  a  volcano  six  days'  journey 

•  D«  Novis  Insqlifl,  p.  120.  1759. 
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difluit  N«Kt  morniii;  tfca  Batovian  rim*  which  hn  ite  rm  fioa  tbat 
BoaiUua«  beeama  very  high  aad  moilily*  and  brought  down  ahuodanaa 
of  boahaa  aod  uaaa,  half  burnt  The  channel  of  the  rim  being  stopped 
tip,  the  water  overflowed  the  cotiatiy  roaad  the  gardene  about  the  town, 

and  some  of  the  strcetn,  so  that  fishes  lay  dead  in  them.  All  ilie  tish  in 
the  river,  except  llie  carps,  were  killed  by  iliu  mud  and  turbid  water.  A 
great  iiuiiibuf  ul  Ur4>wiiLU  bullalos,  tig^ers,  rhinoceroses,  deer,  aprs,  rsnd 
otlicr  wild  beafjis,  were  brought  down  by  the  current;  and,  *' noiwu'i- 
standing,'*  observes  one  of  the  writers,  that  a  crocodile  is  amphibiouft 
several  of  tlienj  were  Juutid  dead  anionjr  the  real,'** 

It  is  stated,  that  seven  hills  bounding  the  river  sank  down,  by  which  is 
nu  rely  meant,  as  by  similar  expressions  in  the  description  of  the  Cala- 
brian  earthquakes,  seven  great  landslips.  Tliese  hilLs,  descending  some 
from  one  side  of  the  valley  and  aome  fcom  the  olhar>  filled  the  channeU 
and  the  waters  then  finding  their  way  under  the  mass,  flowed  out  thick 
and  muddy.  The  Taogaran  river  was  also  dammed  np  by  nine  hiUav 
and  in  its  channels  were  large  qnantiliea  of  drift  treet.  Seven  of  ita 
trihalariea  alao  are  aaid  to  have  been  **  coverad  np  with  earth.**  ▲  M||t 
tract  of  foreat  land,  between  the  two  great  rivera  before  nienUnnedt  la 
deaeribed  aa  having  been  obanged  into  an  open  oonntcy,  deatitnla  of  lfnaa» 
the  aurface  being  spread  over  with  a  fine  red  day.  Thia  part  of  the 
account  may,  perhaps,  meraly  refer  to  the  aUding  down  of  woody  tracli 
into  the  vaUeys,  as  happened  to  ao  many  exteaaive  vineyarda  and  olive 
gronnda  in  Calabria,  in  1789.  The  eloae  packing  of  large  Ireee  in  Che 
Batavian  river  is  represented  as  very  remarkable,  and  it  attests  in  a 
striking  manner  the  destruction  of  soil  bordering  the  valleys  which  had 
been  caused  by  floods  uud  landslips. t 

Quito,  1G98. — In  Quito,  on  the  i9lh  of  July,  1698,  during  au  L  inii- 
quake,  a  great  part  of  the  crater  and  summit  of  the  volcano  Cargii  i;r;iZO 
fell  in,  and  a  stream  of  water  and  mtid  iasned  irom  the  broken  stU^  of 
tlie  hi!l4 

Sici/t/,  IG93. — Shocks  of  earthquakes  spread  over  all  Sicily  in  1693, 
and  on  tlie  llth  of  January  the  city  of  Catania  and  forty-nine  other  places 
were  levelled  to  the  ground,  and  abontone  hundred  thousand  people  hill- 
ed. The  bottom  of  the  sen,  snys  Vioentino  Bonaintna,  sank  down  ooa- 
aiderably,  both  in  ports,  inclosed  b^a,  and  open  parts  of  the  coast,  and 
water  bubbled  ap  along  tlie  shores.  Mnnerona  long  fiaaoioa  of  various 
breadths  were  eanaed,  which  threw  oal  aulphnraooa  water;  and  one  eC 
them,  in  the  plain  of  Catania  (the  delta  of  the  Siweto),  at  the  dialanee  el 
fonr  milaa  from  the  aea,  aent  Ibrth  water  aa  aait  aa  the  aaa.  The  eloae 
bttihliafi  of  a  atreetinthecity  of  lfoto,fnr  the  length  of  half  n  mile,  eanh 

*  Hook«'8  Posthumous  Works,  f.  437.  170&.  f  ftuL  Tnas.  1700. 
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into  the  rrronnd,  and  remained  banf^ing  on  one  side.  Tn  nnotlirr  street, 
an  opei  ui:^'  larijp  ('iiou£rh  to  swallow  a  m^n  t^nd  bf>rf»p  njipcnreil. " 

Moluccas,  1G93. — Tlie  small  isle  of  Sorea,  u  hieh  consists  of  one  great 
volcano,  was  in  eruption  in  the  year  1693.  DifTerent  parts  of  the  cone 
fell,  one  after  the  other,  into  a  deep  crater,  nntil  almost  half  the  space  of 
the  island  was  converted  into  a  fiery  lake.  Most  of  the  inhabiiante  fled 
to  Handa;  but  ^at  pieces  of  the  moontatn  continued  to  foil  down,  ao 
that  the  lake  of  lava  became  wider;  and  finally  the  whole  popolation  wae 
eonipetled  to  emigrate.  It  is  stated  that,  in  proportion  as  the  burning 
lake  increased  in  site,  the  earthquakes  were  less  vehenient.t 

JmnaicOf  16M.^In  the  year  1608,  iho  island  of  Jamaica  was  visited 
by  a  violeot  earthquake ;  the  ground  was  swelled  and  heaved  like  a  rolU 
hig  sea,  and  was  traversed  by  numerous  cracks,  two  or  three  hundred 
of  which  were  often  seen  at  a  time  opening  and  then  closing  rapidly 
again.  Many  people  were  swallowed  op  In  these  rents ;  some  the  eardi 
caught  by  the  middle,  and  squeesed  to  death  $  the  heads  of  others  only 
appeared  above  ground ;  and  some  were  first  engulfed,  and  then  cast 
op  again  with  greai  quantities  of  wnlt  r.  Such  m  :is  ihe  devastation,  that 
even  at  Port  Royal,  then  tlie  capi[:il,  where  more  iiouses  are  said  to  have 
been  left  standingf  than  iii  the  island  beside,  three-quarters  of  the 

btiildinga,  together  with  the  ground  they  stood  on,  sank  down  with  their 
inhabitants  entirely  under  water. 

Subsidence  in  the  harbour^ — The  large  store-houses  on  tlie  harbour 
side  subsided,  so  as  to  be  twenty-four,  thirty-six,  and  forty-eight  feet  un- 
der water;  yet  many  of  them  appear  to  have  remained  standing,  for  it  is 
stated  tbatt  after  the  earthquake,  the  mast-heads  of  several  ships  wrecked 
in  the  harbour,  together  with  the  chimney-tops  of  houses,  were  just  seen 
projecting  above  the  waves.  A  tract  of  land  round  the  town,  about  a 
thousand  acres  in  extent,  sank  down  in  less  than  one  minute,  during  the 
flnt  shock,  and  the  sea  immediately  rolled  in.  The  Swan  frigate,  which 
was  repairing  in  the  wharf,  was  driven  over  the  tops  of  many  buildingSy 
and  then  thrown  upon  ^ne  of  the  toofs,  through  which  it  broke.  The 
breadth  of  one  of  tho  Mireets  is  said  to  have  been  doubled  by  the  earth- 
quake. 

According  to  Mr.  De  la  Beche,  the  part  of  Port  Royal  described  as 

having  sunk,  was  built  npon  newly  formed  land,  consisting  of  sand  in 
which  piles  had  been  driven;  and  the  settlement  of  this  loose  sand,  charged 
with  the  weight  of  heavy  houses,  may  have  given  rise  to  the  subsi- 
dences alluded  to4  There  can  be  no  doubt  that  a  waving  motion  uf  the 
earth,  accompanied  by  an  inroad  of  the  sea,  might  afleet  loose  sand,  while 
solid  rock  might  remaiu  unmoved;  but,  after  attentively  considering  the 

*  Phil.  Trans.  1693-4.  t  Ihld.1693. 
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oriq'inal  (loninieuus,  nti  I  convorsino-  with  persons  who,  iiiiu  ty  ycais  after, 
saw  noiiiv  of  iho  siibiiicrgcti  luui^cs,  1  am  inclined  to  beiieve  that  there 
were  various  and  unequal  sub»iUtia('<  s  of  the  land  at  Port  Eoyalt  lo^e* 
pendenlly  of  any  sliiling  and  undernnniDi:  of  tlie  sands. 

At  several  thousand  places  in  Jamaica,  the  earth  is  related  to  have 
opened.  On  ibe  north  of  the  island,  several  plantations,  with  their  ia- 
habitanti,  were  swallowed  up,  and  a  lake  appeared  in  their  pla<»,  covei^ 
iag  eboBl  a  tbouteiid  acres,  which  afterwards  dried  up,  leaviof  aolhuif 
bol  sand  tod  gnveU  wilhoul  the  leaat  eigD  thai  there  had  ever  been  a 
honse  or  a  tree  there.  Seteral  tenemeiits  at  TaUowee  were  buried  under 
landelipe;  and  one  plaaiatioii  wae  lemoved  half  a  nile  Cnm  ile  plaee.  the 
erope  eotttmoing  to  grow  upon  it  nDiDjored.  Between  Spanish  Town  and 
Sixteenmile  Walk*  the  high  and  perpendienlar  eliis  bovndiog  the  riter 
fell  in*  stopped  the  passage  of  the  river*  and  flooded  the  latter  plaee  fiw 
nine  dayB«  so  thai  the  people  eoneladed  it  had  been  sunk  a/Port  Boynl 
was."  Bat  the  flood  at  length  s«bsided»  for  the  river  had  found  som 
new  passage  at  a  great  distance.  * 

Mouniaint  nhatt^rtd. — ^The  Blue  and  other  of  thehigheetmoontainsave 
declared  to  have  been  strangely  torn  and  rent.  They  appeared  shattered, 
aiuJ  liull-naked,  no  longer  j  ilurdiiiij,  a  line  green  prospect,  as  before,  but 
stripped  of  their  wood.s  nivi  natural  verdure,  'i'lie  rivers  on  these  uioun- 
tains  first  ceased  to  <low  ior  aboiit  twenty-four  hours,  and  then  brought 
down  into  the  «!en,  at  Port  lioyal  and  oilier  places,  several  hundred  ihou- 
smd  tons  ol  umber,  which  looked  like  flo:ittn<j  islamic  on  the  ocean  The 
trees  were  in  general  barked,  most  of  their  branches  having^  born  inrn  ofl* 
in  tlie  descent.  It  is  particularly  remarked  in  this,  as  in  the  uarraiivcs  of 
so  many  earthquakes,  that  fish  were  taken  in  great  numbers  on  the  coast 
during  the  shoclis.  The  eorrsspondenis  of  Sir  Hans  Sloane,  who  ooUoet* 
sd  with  oare  the  aeeonnts  of  eje-witnesses  of  the  catastrophe,  refer  con- 
stantly to  su&rtdenses,  and  some  supposed  the  whole  of  JasMiee  to 
sunk  down.* 

Me^ioM  on  ik$  mmmaU  ekmg^  tii  iJbe  /«sf  ens  hmind  mdjmriy 
years.— I  have  now  only  enninerated  the  earthquakes  of  the  last  140 
years,  respeeting  whteh  facts  illustrative  of  geological  inquiriee  nie  oo 
ieoord»  Sven  if  my  Hmils  penntttedy  it  would  be  a  tedious  and  iinpio- ; 
fllable  task  to  examine  all  the  obeenie  and  ambiguous  nanatives  of  aimilnr 
events  of  earlier  epoehs;  althongh»  if  the  plaoes  were  now  examined  hj] 
geologists  well  praetlsed  in  the  sit  of  interpreting  the  monumente  of  phy- 
sical changes,  many  events  which  have  happened  within  the  historical 
era  might  sltll  be  delerniined  witli  precision.  It  must  not  be  imagined 
that,  in  the  above  -ketch  of  the  occurrences  of  a  short  period,  I  }\:\vii. 
given  m  account  ui  aii,  or  even  the  greater  pari,  of  tlie  mutatioxis  winch 
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the  earth  has  undergone  by  iht:  agency  of  subterranean  raoveraents.  Thus, 
for  example,  ihe  earthquake  of  Ale|»po,  iti  llie  present  century,  and  of 
Syria,  in  the  middle  of  the  eighleenlh,  would  doubtless  have  airorJed 
numerous  phenomena,  of  preat  geologic  al  importance,  had  those  catas- 
trophes been  dc^LTibcd  by  ticieautic  observers.  The  shocks  in  Syria,  in 
1759,  were  protracted  for  three  months,  throughout  a  space  of  ten  thou- 
sand square  leagues ;  an  area,  compared  to  which  tliat  of  the  Calabrian 
earthquake  of  1783  was  insignificant.  AccoOt  Saphat,  Balbeck,  Damas- 
eus,  Sidoiiy  Tripoli,  and  many  other  places,  were  almost  entirely  levelled 
to  the  ground.  Many  thousamU  of  the  inhabitenU  periahed  in  each;  andf 
in  the  valley  of  Belbeek  alone*  twenty  thoueand  men  are  laid  lo  hnve 
been  Tietami  to  the  eon?ul«ion.  In  the  nbeenoe  of  eeientifie  aeoounte,  it 
would  be  as  inele?ant  to  our  presenl  porpoee  to  enter  into  n  detailed 
aeeouni  of  eueh  cilaniitieit  as  to  follow  the  tnok  of  an  invading  armyt  to 
eonnieraie  the  eitiee  burnt  or  rMed  lo  the  ground,  and  reckon  the  number 
ef  individuala  who  periehed  by  famine  or  the  eword. 

J^fkUncy  of  hutoHod  rteofdt.—U  eueh,  then,  be  the  amount  of 
afcertained  changes  in  the  last  140  years,  notwithstanding  the  extreme 
deficiency  of  our  records  during  that  brief  period,  how  important  must  we 
presume  the  physiciil  revoluuons  lo  have  been  in  the  course  of  thirty  or 
forty  centuries,  during  which  some  countries  habiiualiy  convulsed  by 
eartliqii  ikes  have  been  peopled  by  civilized  nations!  Towns  engulfed 
during  one  earthquake  may,  by  repealed  shocks,  have  sunk  to  enormous 
depths  beneatli  ilie  ^^urface,  wliile  the  ruins  remain  as  imperishable  as  the 
hardest  rocks  in  which  they  are  enclosed.  Buildings  and  cities,  sub- 
merged,  for  a  time,  beneath  seas  or  lakes,  and  covered  with  sedimentary 
deposits,  must,  in  some  places,  have  been  re^levated  to  considerable 
heights  above  the  level  of  the  ocean.  The  signs  of  theee  events  have, 
probably,  been  rendered  visible  by  subsequent  muutions,  as  by  the 
eneroaehmenieof  the  sea  upon  theooast,  by  deep  excavations  made  by  toi^ 
lente  and  rivers,  by  the  opening  of  new  ravines,  and  chasms,  and  other 
effects  of  natural  agents,  so  active  in  distiieti  agitated  by  subterranean 
movements. 

If  it  be  asked  why,  if  such  wonderful  monuments  exist,  so  few  have 
hitherto  been  brought  to  light,  we  reply— because  they  have  not  been 
aearehed  for.  In  order  to  rescue  firom  oblivion  the  memorials  of  former 
occurrences,  the  inquirer  must  know  what  he  may  reasonably  expect  to 
discover;  and  under  what  peculiar  local  circumstances.  He  must  be 
acquainted  with  the  action  and  effect  of  physical  causes,  in  order  to  recog- 
nise, explain,  and  describe  correctly  the  pheiiuinena  when  Uiey  present 
themselves. 

Tlie  best  known  of  the  great  volcanic  regions,  of  which  the  boundaries 
were  sketched  in  the  ninth  chapter,  is  that  which  includes  Suuihern 
Europe,  Northern  Africa,  and  Central  Asia ;  yet  nearly  the  whole,  even 
Vol.  I.^  D 
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of  this  region,  must  be  laid  down  in  a  geological  map,  as  "Terra  Incog- 
nita.*' Even  Calabria  may  be  regarded  as  unexplored,  as  also  Spain, 
Porlugul,  the  Barbary  Stales,  the  Ionian  Ules,  the  Morea,  Asia  Minor, 
Cyprus,  Syria,  and  the  countries  between  the  ('aspian  and  Black  Seas. 
We  are,  in  truth,  beginning  to  obtain  some  insight  into  one  small  spot  of 
that  great  zone  of  volcanic  disturbance,  the  district  around  Naples ;  a 
tract  by  no  means  remarkable  for  the  violence  of  the  earthquakes  \rhich 
have  convulsed  it. 

If,  in  this  part  of  Campania,  we  are  enabled  to  establish,  that  consider- 
able changes  in  the  relative  level  of  land  and  sea  have  taken  place  since 
the  Christian  era,  it  is  all  that  we  could  have  expected ;  and  it  is  to 
recent  antiquarian  and  geological  research,  not  to  history,  that  we  arc  prin- 
cipally  indebted  for  the  information.  I  shall  now  proceed  to  lay  before 
the  reader  some  of  the  results  of  modern  investigations  in  the  Bay  of 
Baiae  and  the  adjoining  coast. 

PROOFS  OF  ELEVATION  AND  SUBSIDENCE  IN  TUE  BAY  OF  BAliE. 

Temple  of  Jupiter  Serapis. — This  celebrated  monument  of  antiquity 
affords,  in  itself  alone,  unequivocal  evidence  that  the  relative  level  of  land 


Ground  plan  of  tke  coast  tftke  Bay  of  Baue,  in  the  environs  of  Puzzuoli. 


and  sea  has  changed  twice  at  Puzzuoli  since  the  Christian  era;  and  each 
movement,  both  of  elevation  and  subsidence,  has  exceeded  twenty  feet. 
Before  examining  these  proofs,  I  may  observe,  that  a  geological  examina- 
tion of  the  coast  of  the  Bay  of  Baia;,  both  on  the  north  and  south  of  Puz 
zuoli,  establishes,  in  the  most  satisfactory  manner,  an  elevation,  at  u« 
remote  period,  of  more  than  twenty  feet,  and,  at  one  point,  of  more  thai 
thirty  feet;  and  the  evidence  of  this  change  would  have  been  complete 
even  if  the  temple  bad,  to  this  day,  remained  undiscovered. 
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CdoU  Moulh  of  PuzzttoU,^(  we  eoast  along  tho  thort  from  Naplei  to 
PttsziiolU  we  find,  oi^  approadiii^  the  latter  place,  thai  the  lofly  aoU  pre- 
cipitoea  cliffs  of  iadMrateU  tuff,  reeenbling  tliat  of  whkh  Naplee  is  ^uUt, 
lettre  slightly  from  the  sea ;  and  that  a  low  level  tract  of  fertile  land,  of  a 
very  diflerent  aspect,  intervenes  between  the  present  aea^beach,  and  ivbai 
was  evidently  the  ancient  line  of  coast. 

The  inland  ciitl'niay  be  seen  opposite  the  small  island  of  Nisida,  about 
two  miles  and  a  half  southeast  of  Puzzuoli**  where,  at  the  height  of 
thirty-two  feet  above  the  level  of  the  sea,  Mr.  Babbage  observed  an  ancient 
mark,  siicli  as  might  have  been  worn  by  the  waves ;  and,  upon  further 
examination,  discovered  that,  along  lljat  line,  the  face  of  the  perpendicular 
rock,  consisting  of  very  hard  tuif,  was  covered  with  barnacles  (Baianuf 
Mulcaiusj  Lamk.),  and  drilled  by  boring  testacca.  Some  of  the  hollows 
of  the  Lithodoroi  contained  the  shells;  while  others  were  filled  with  the 
valves  of  a  species  of  Arotut  liearer  to  Pvszuoli,  the  inland  cliff  is 
eighty  feet  high,  and  as  perpendieularas  if  il  was  tfaXi  underoaiaed  by  &hf 
waves.  At  its  haeet »  new  defoeita,  coaalitatiof  the  fertile  ^aotiilbovt 

Fig.  56. 


41.  Antiquities  on  lull  S.  £.  of  PuzzuoU, 

b.  Ancient  cliff  now  inland. 

c.  Terrace  composed  of  recent  •ubmarine  deposit. 

alluded  to,  attains  a  height  of  about  twenty  feet  above  the  seai  and,  since 
it  is  composed  of  regular  eedimeBtary  deposits,  qoKtaining  marine  ehella* 
its  poeiiioD  proves  that,  subsequently  to  iu  formaitoo,  there  has  beeo  a 
ehange  of  more  than  twenty  feet  in  the  relative  level  of  land  jod  saa. 

The  sea  eneroaehee  on  these  new  incoherent  strata  i  and  aa  tbo.aoil  is 
valuable,  a  wall  has  been  bniU  Ibrata  proteetion :  bat  when  I  visited  the 
epot  in  1828,  the  waves  had  swept  away  part  of  this  rampart,  and  exposed 
to  view  a  regular  aeriee  of  strata  of  toff,  mpre  or  less  argillaceous,  .alter* 
nating  with  beds  of  pumice  and  lapillii  and  containing  great  abundance  of 
marine  shells,  of  species  now  common  on  tliis  coast,  and  amongst  them 

*  See  Map,  PI.  IV.  Fig.  S,  fkeing  page  304. 

t  Mr.  BablMge  examined  this  spot  la  eompany  with  Mr.  Head,  in  Jane,  188B,  and 
hna  shfmttawnomerawspeeiiaensafthstfaeUscoUcetedber^andiatlwIteBqpfetf 
<8eiapia. 


Digitized  by  Google 


426 


MEW  DEPOSIT  UPRAISED  NEAK  PUZZUOU.  [BookU. 


OiFdioiB  miieQiiit  OftitM  sdolift  Domx  Irancului  (LnBk.)«  wuA  oiImis. 

The  strata  vary  from  aboot  m  Ibot  to  a  foot  and  a-half  in  thickness,  and 

one  of  them  contains  abundantly  remains  of  works  of  art,  tiles,  squares  of 
mosaic  pavement  of  different  colours,  and  small  sculptured  ornaments, 
perfectly  uninjured.  Intermixed  with  these  I  collected  some  teeth  of  the 
pig  an  ox.  These  fragments  of  building  occur  below  as  well  as  above 
strata  containing  marine  shells.  Puzzuoli  itself  stands  chiefly  on  a  pro- 
montory of  the  older  tufaceous  formation,  which  cutsotf  the  new  deposit, 
although  I  detected  a  tmall  patch  of  the  latter  in  a  garden  under  the 
town. 

From  the  town  die  ruins  of  a  mole,  called  Caligula's  Bridge,  run  out 
into  the  sea.  This  mole  consists  of  a  number  of  piers  and  arches  ;  and 
Mr.  Babbage  found,  on  the  eizth  per*  perforations  of  lithodorai  four  fiset 
ibofe  the  level  of  the  eea ;  and  near  Hm  lefniiBeliMi  of  the  mole,  on 
hit  pier  but  oo^t  oMiIni  of  the  eanie  teo  fcet  ilbovt  Ike  level  of  the  eeey 
togetfier  witfi  great  numbeie  of  beieni  and  flneln. 

€httti  fiof^  fif  Atggiioft'  ■  ■  If  we  Aes  peie  to  Ae  BOfIb  oT  PnsiMiBii 
and  ennine  llie  eoeet  between  that  tnwa  end  Moate  Neevo»  we  find  e 
lepetitiop  of  anflogoBi  phenewem.  Theelopiageidaeef  MoataBeibaio 
riant  down  within  aafcettdietaneeof  ttie  eoeet,  end  tewMnale  In  an  inland 
ciiir  of  modeiate  elevaHony  ta  whieh  the  geofegist  peieeivee  at  onee  lint 
the  eea  nrnat,  at  aone  former  period,  have  extended.  Between  thie  diff 
and  the  sea  ie  a  low  plain  or  terraee,  called  La  Starza,  corresponding  to 
that  before  described  on  the  south-east  of  the  town  ;  and  as  the  sea 
encroaches  rapidly,  fresh  sections  of  the  strata  (nay  readily  be  obtained^ 
of  which  the  annexed  is  an  example : 


«.  BenaiBa  ef  Cioaio*a  villa,  K.  side  ef  PoasaoOu* 
i.  AaelsBt  oWf,  now  inland. 
4,  Tsnaoe  e<nnposed  of  i 
4,  VsBvla  of  Seiapia. 

Section  on  the  shore  north  of  the  town  of  Pu^uoU :— ^ 


1.  Vegetable  aoU 


h, 

1  a 


•  The  spot  here  indicated  on  the  summit  of  the  cliff,  is  that  from  which  Hamilton's 
view,  plate  26,  Cainpi  Phlegreei,  is  taken,  and  on  wiuoii,  he  obaeivea,  Cicero vill^ 
esOad  ths  Aesdsaiiay  aaeitatly  stood. 
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9L  BavimUl  bed«  of  pumice  and  icoriv,  with  broken  ftifiiienti  of  OO* 

rolled  bricks,  bones  of  Attimala,  and  marine  shells      •      -      -      •   1  6 

3.  Beds  oflapilli,  containin«r  nbnndance  of  marine  shpll«,  prinf  ipnllv  Car- 
dium  rusticum,  Donax  trunculus,  Lam.,  Ostrea  edulis,  'I  rit  ii  c  uta- 
ceum,  Lam.,  and  Bnecinmu  serratum,  Brocchi,  the  beds  varying  in 
thiekiteia  from  one  to  eighteen  inches       •      •      -      •      •      •'10  0 

4.  AigillsoMnw  ^uff,  fwnteiiriitg  lirieki  nd  thi^pa^nU  of  bnildinga  not 
roanded  bj  attritioa  16 

The  thickness  of  many  of  these  beds  varies  greatty  ai  we  trace  them 
slong  the  shore,  and  sometimes  the  whole  gronp  rises  to  a  greater  h right 
diaD  at  the  point  above  deaeribeil.  The  surface  of  the  tract  which  they 
compote  appeari  to  slope  gentlj  upwards  towards  the  base  of  the  old 

Now*  if  these  appearances  presented  themselves  on  the  eastern  or 
southern  coast  of  England,  a  geologist  wonld  natorally  endeavoor  to  seek 
an  explanation  in  some  loeal  depression  of  high  water  mark,  in  eonseqnence 
of  a  change  in  the  set  of  the  tides  and  cnrrenta ;  for  towns  have  been  bnilt* 
like  aneient  Brighton,  on  sandy  tracts  intervening  between  the  old  cliff 
and  the  sea,  and,  in  some  eases,  they  have  been  finally  swept  away  by 
tfie  retnm  of  the  ocean.  On  the  other  hand,  the  inland  cliff  at  Lowesloffe, 
in  Suffolk,  remains,  as  was  before  staled,  at  some  distance  fruni  the  shore, 
nnd  ihe  low  green  tract  called  the  Ness  may  be  compared  to  the  low  tiat 
called  La  Starza,  near  Pii/.znoli.*  But  there  are  st  art  e  any  tidea  in  the 
Mediterranean  ;  and,  to  suppose  tiiat  sea  to  have  sunk  gcnprally  from 
twenty  to  twentv-five  feet  since  the  shores  of  Campania  were  covered 
with  5uroptuou8  buildings,  is  an  hypothesis  obvinnj>ly  viiUtnable,  The 
observations,  indeed,  made  during  modern  surveys  on  the  moles  and 
cothons  (doelu)  constructed  by  the  ancients  in  various  ports  of  the  Medi- 
terranean, have  proved  that  there  has  been  no  sensible  variation  of  level 
in  that  sea  dnring  the  last  two  thousand  years.t 

Thns  we  arrive,  withont  the  aid  of  the  celebrated  temple,  at  the  concln* 
sion,  that  the  recent  marine  deposit  at  Pounoli  was  upraised  in  modem 
thnes  above  the  level  of  the  sea,  and  that  not  only  this  change  of  position, 
bat  the  aeenmnlation  of  the  modem  etrata,  was  posterior  to  the  destrao- 
tSon  of  many  edifices,  of  which  they  contain  the  imbedded  remains.  If 
we  now  examine  the  evidence  aflTorded  by  the  temple  itself,  it  appears, 
from  the  most  authentic  accounts,  that  the  three  pillars  now  standing  erect 
continued,  down  to  the  middle  of  the  last  century,  half  buried  in  the  new 
marine  strata  before  duscnb [  lI.  The  upper  part  of  the  columns,  being 
concealed  by  bushes,  had  n«il  atiracicd,  until  ihe  year  17  iO,  the  notice  of 
antiquaries  ;  but,  when  the  toil  was  removed  in  1750,  they  were  seen  to 

•  See  p.  250. 

t  Ou  tiic  autiionl^  of  Captain  VV.  II.  Smyth,  R.  N. 
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form  part  of  the  remains  of  a  splendid  edifice,  the  pavement  of  which  was 
still  preserved,  and  upon  it  lay  a  number  of  columns  of  Ali  ican  breccia  and 
of  granite.  The  original  plan  of  the  building  could  be  traced  dislincdy  ; 
it  was  of  a  quadrangular  form,  Ft  vtMity  feel  in  diameter,  and  the  root  had 
been  8L]i)|)orted  by  forty-six  nulilc  (•olutmiB,  twenty-lbur  of  granite,  and 
tlie  rest  ul  marble.  The  large  tciirt  ;\  as  surrouiidtd  by  ap;irlinents,  sup- 
pofptl  {n  have  hern  used  as  baOimLr-rixHTi-^  ;  for  a  thernr^I  nprini;,  ti'srd 
for  MKiliciiKil  purposes,  issues  now  jusi  behirul  the  builiimir,  atid  tiie 
waier,  u  i«  aaid.  of  tiu«  spring  wm  coAvayftd  by  marbk  docu  into  tha 

Many  antiquaries  liave  Mrttnd  into  elaborate  discussions  as  to  the  deity 
to  which  this  edifice  was  consecrated  |  bttt  Signor  OanUii  wIm>  kas  writ* 
ten  the  last  aUe  treatise  on  the  sobject/  endeerors  to  show  that  aU  tlw 
lolifuwe  odifieea  of  Gmoe  wero  of  a  lorm  ettMtioUy  dilioieiift;  tkat  tlw 
Midlist  iberalbiet  Mvtr  hmm  beeo  •  icapto;  iIhiA it  oonoipowM 
to  the  pablie  batlun^rooiBa  at  inaDy  of  oiw  wateri^g-plaeeaf  aiid«  laaily. 
that  if  it  had  been  «  tenple,  it  eottid  WQi  h«ve  been  dedieatod  to  Bei^iBy 
worship  of  the  Egypttao  god  beiog  etii«^y  piohihited»  at  the  tine 
wlieo  tbie  ediliee  wae  io  eae»  by  the  aeoato  of  Bone* 

FerfkraUom  qf  ik§  iohmms  Ly  LUkodomom  MUu^-^  ie  wA  for  the 
geologial  to  offer  an  opinion  on  theee  to|^;  and  lihall*  th«e!bn«  dea^ 
nate  this  valuable  relic  of  antiquity  by  its  generally  received  name,  and 
proceed  to  consider  the  memorials  of  physical  changes  inscribed  on  the 
lliree  standing  columns  in  most  legible  characters  by  the  haikd  ot  N  iiure. 
(See  Frfimisjiiece,  Vol.  l.t)  Tliese  pillars,  whu  li  have  been  carved  ciicii 
out  n  Miigle  block  of  marble,  are  forty -i wo  feci  in  heislit.  An  horizontal 
Ussure  nearly  intersects  one  of  the  Cdluams;  the  other  twu  arc  entire. 
They  are  slightly  out  of  the  perpemJicular,  inclinisiL^  sumcwhat  to  the 
souih-west,  that  is,  towards  the  sea4  Their  surfnt  t'  is  smooth  and  unin- 
jured to  the  height  of  about  twelve  feet  above  their  pedestals.  Above 
tbia  is  a  zone,  about  nine  feet  in  height,  where  the  marble  has  been 
pierced  by  a  species  of  ouurine  periiMiting  bivalve — LUhadmnuSf  Cttr*{ 
The  boles  of  these  animals  are  pearefaapedt  exteraai  0pening  being 
oumrtep  and  graduaUy  increaaiog  downmida.  At  the  bottom  of  tho  oavi* 
tiee,  «Mny  ebelle  aie  etiil  fowd,  notwilhaianding  the  gneat  nnabeci  that 
hete  been  taken  on!  by  vtHton;  In  way  the  falvee  of  a  tpeeiee  of  arcat 

*  DlssertssiiMie  salla  Sagra  Architcttura  degli  Antichl. 

t  This  view  of  the  present  state  rvf  tho  tfMnplp  h-^^  boen  reduced  from  that  of  Iho 
Canonico  Andrea  de  JoriO|  Ricercbe  buI  Teiupio  di  Beiapide,  in  Piuauoti.  Na- 
poli,  1820. 

;  Thia  appsafs  ftem  the  msisaieiaMl  of  Cafrtaie  Basil  UsU,  JL  VnemUnp 
«f  Gedl*  Soe.»  Ho.  38,  p.  114.  The  ftet  of  the  three  standing  oohunna  hairing  been 
each  Ibrmed  oat  of  asioglo  stone,  was  first  pointed  out  to  me  by  Mr.  Jaoiee  Hsll,SBd 

is  iii  i|>  ir  uit,  as  hclpinj^  to  explain  why  they  were  not  ahahen  dowit. 
i  Modiols  lithophsga,  Lam.  Mytilns  lithophifvs,  Liaa. 
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an  animal  which  conrenls  it?;e]f  in  small  hollows,  occur.  The  perfora- 
tions are  so  considerable  in  drptli  ;uid  size,  that  they  manifest  a  long- 
coQtinued  abode  of  the  hthodomi  in  the  columns ;  for,  as  the  inhabitaot 
grows  older  and  incmiies  in  size,  it  bores  a  large  o«fhjr«  to  corresponil 
with  the  inereafting  magnitude  of  its  shell.  We  inaat,  coawqueatly*  infer 
m  loof -eooCiiMied  imitieraioii  of  the  pillars  in  sea-water,  at  a  time  when 
the  lower  part  waf  isovereU  up  and  pmleeled  by  etrats  of  tuff  and  the 
nibbMi  of  buildings ;  the  highest  part*  at  the  stne  time,  projecting  above 
the*  wileis,  and  being  eonsequentlj  weathered,  hot  not  materially  injured. 

On  the  pavement  of  the  temple  lie  some  columns  of  marble,  which  are 
petflMaled  in  the  same  menner  in  certein  parte ;  one,  for  example,  to  the 
length  of  eight  feet,  while,  for  the  length  of  four  feet,  it  ia  oninjared** 
flklerai  of  these  broken  columns  ere  eaten  into,  not  only  on  the  exterior, 
Int  on  the  cross  fraciare,  ahd,  on  some  of  them,  other  marine  animals 
have  fixed  themselves.*  All  the  gr;inite  pillars  are  untouched  by  litho- 
donii.  The  platform  of  ilie  temple,  which  is  not  perfectly  L\t  n,  at 
present  about  one  foot  below  hiuh-watcr  mark  (for  there  are  MiutU  tides 
in  the  Bay  of  Naple»);  niKi  ihe  sea,  which  is  only  one  hundred  feel  dis- 
tant, sodks  through  the  intervening  soil.  The  upper  part  of  tlie  perfo- 
Tiiiuis,  tiieii,  are  at  least  twenty-three  feet  nhcive  high-watermark;  and 
ills  clear,  thai  ihu  columns  nuist  have  coniinued  for  a  long  time  in  an 
erect  pobiuon,  immersed  in  salt  water.  After  remaining  for  many  years 
submerged,  they  mitst  have  been  upraised  to  the  height  of  about  twenty^ 
three  feet  above  the  level  of  the  sea* 

Temples  and  Roman  roait  under  tcafer. — So  far  the  information  de- 
nted from  the  temple  corroborates  that  before  obtained  from  the  new 
•Hnln  In  tlM^  plain  of  JLa  8tana,  end  proves  nothing  more.  But,  as  the 
tiNMpId  ooM'n^i  hM  bb^n  boilt  eriginnlly  at  the  bottom  of  the  aea,  it 
ttiil  hkvtB  first  ^unk  down  below  the  waves,  and  afterwards  have  been 
dM|ed«  Of  sodi  sublidenceft  tliere  are  numerous  independent  proofs  in 
flpBu^  of  Bai8.  tfoi  far  from  the  ehore,  to  the  north-west  of  the  Tern- 
flVof  -Serapis,  nre  the  ruins  of  a  temple  of  Neptune,  and  a  Temple  of 
the  Nymphs,  now  under  vrater.  Tlie  columns  of  the  former  edifice  stand 
erect  ia  live  feel  water,  iheir  upper  portions  just  risings  to  the  surface  of 
the  sea.  The  pedestals  are  doubtless  buried  in  the  mud;  so  ihaL  il  ilu.s 
pari  of  the  bottom  of  the  bay  bhould  hereafter  be  elevated,  the  exliuina- 
Uou  of  this  temple  uiighl  take  place  after  the  manner  of  that  of  tSerapis. 
Both  these  huildinfrf  proh;il»ly  participated  in  the  movement  which  raised 
the  Siarza  ;  luU  eiiliei  ihey  were  detju  r  uiuler  water  than  ilic  Temple  of 
8erapis,  or  ibey  were  nol  raised  up  again  to  so  great  a  heighr.  There 
are  also  two  Koman  roads  under  water  in  the  bay,  one  reaching  from 
Puaajji^  towards  the  Lucrine  Lake,  which  oiay  aiiU  be  seen,  and  the 

*  BerptUa  contortuplicala,  Linu.,  and  Verinilia  Iriquelra,  L^mi.    These  species,  as 
well  as  the  Lithodomus,  are  now  inhabilsnts  of  the  neighbouring  sea. 
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ofttrat«rllwCutU«r  Baia.  Thtaapiwtmole,  ux>,  of  PumoU,  be- 
fore fllliidad  to,  hM  tin  mint  ap  to  «  eontiderable  height  oi'  the  arches ; 

whereas  Brieslak  justly  observes,  it  is  next  to  certain  that  the  piers  must 
formerly  have  reached  tlie  guitacc  befurt'  the  springing  of  t  iu  nrches;^ 
so  tlui,  although  the  phenomena  before  described  prove  iluit  tins  mole  has 
been  uplifted  ten  feet  above  the  level  at  whicli  n  once  stood,  it  itf  stiU 
evident  that  i;  has  not  ycl  been  restored  to  im  original  poisition. 

A  modern  writer  mI^o  reiniiids  us,  that  these  efTectd  are  not  local  as 
some  would  have  us  beiievtj  ;  lor  on  the  opposite  side  of  the  iiay  of  Na- 
ples, on  the  Sorrentine  coast,  which,  as  well  as  Tuzzuoiif  is  subject  to 
earthquakes,  a  road,  with  some  fragments  of  Roman  buildings,  is  oovered 
10  aooM  depth  by  the  fMu  la  the  island  of  Capri,  alao*  which  is  situatad 
lome  way  at  sea,  in  the  opening  of  the  bay  of  Naples,  OM  of  the  pelacof 
of  Tiberius  is  now  covered  with  water.t  They  who  have  sUMtivoly  con- 
•klomd  ihooffeoli  of  earthquakes,  before  onaaeraiad«  aahavinfooowrrod  dar» 
isf  the  laal  140  yaaia»  will  not  feel  aaUNuahad  at  lhaaa  atgoa  of  altonnio 
davatlon  and  dapfeaaion  of  the  bad  of  the  aaa  and  tho  adjoiniag  cooat  dor* 
iof  the  600180  of  ai^taan  eanlnriaa ;  bott  ob  tho  oootfify,  they  will  ho 
ywy  moch  aatontahad  if  fotmo  raaaarehea  lail  to  bring  to  Uf  ht  ainilar 
indicatlona  of  ehanga  io  almoat  all  lagiona  of  foloanio  diatuibanoaa. 

Thai  batldioga  ahould  have  baan  aubnerged,  and  aftarwaids  upheaved, 
without  being  antiiely  laduoad  to  a  heap  of  roinat  will  appear  no  anomaly, 
when  we  recollect  thal»  in  tho  yoar  1819«  when  the  delta  of  the  Indus 
sank  Uuwu,  the  houses  within  the  fort  of  Sindree  subsided  beneath  the 
waves,  w  ithout  hmuf];  overthrown.  In  like  manner,  in  the  year  1692,  the 
buildings  arouml  ilie  harbour  of  Port  [{oyal,  in  Jamaica,  descended  sud- 
deniy  to  the  depth  of  between  thirty  and  fifty  feet  under  ihe  sea  wiUiout 
falling.  Even  on  small  portions  of  land  iransjiorted  to  a  distafu  e  of  a 
mile,  down  a  declivity,  lent  iiH  iiijs,  like  those  near  Mileto,  in  C^ilabria, 
were  carried  entire.  At  Valparaiso  buildings  were  left  standing,  when 
(heir  foundations,  together  w  ith  a  long  tract  of  the  Chilian  coast,  were 
permanently  opraiscd  to  the  height  of  several  iiset  in  IS22.  It  is  tioa 
that,  in  the  year  i7d0,  when  the  bottom  of  the  sea  in  tbahartxior  of  Pen- 
00  was  suddenly  uplifted  to  the  extraofdinaiy  olafation  of  Iwon^^foor  feat 
above  ila  (bnnar  laval,  the  boi&dinga  of  that  town  waio  thrown  down;  hot 
wo  might  atiU  anppoaa  thai  a  gnat  portion  of  tham  wonhl  havo  oaoap- 
od,  had  tha  walla  baan  anpportad  on  tho  oslarior  and  intaiior  with  a 
dapoaitt  Uka  that  w&ieh  anrroondad'and  filled  to  tha  height  of  tan  or  iwalfo 
ibat  tha  To mpla  of  Sarapif  at  PuninoU. 

« 

*  Vr  V  (kinslaOampanie,  tome  ii.  p.  163. 

t  Mr.  Forbes,  PhyKio.il  Notirt-s  of  thf-  Bay  of  Naples.  Ed.  Journ.  of  Sci.,  No.  II., 
new  8»'rio'«,  p.  lifiO.  OctoU'r  lt^2*J.  \\  hen  I  visited  Ptizxuoli,  ririd  nrrtvd  at  the  above 
conclusions,  1  knew  notiung  of  Mr.  I?  orbes's  observationit,  wiach  1  tirst  saw  oo  m/ 
return  to  England  the  year  following. 
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Periods  j/y/ien  the.  Temple  of  Serapis  sank  and  rose. — The  next  subject 
of  inquiry  is  the  era  when  these  remtrkable  elianges  took  place  in  tha 
fcy  9f  Bttia*  II  appears  that  in  the  Atrium  of  Um  Temple  of  Serapit^ 
iweriptioiis  were  found  in  which  Septimiua  Sevamand  Marcus  Aurelhul 
fiMoid  their  libonrs  in  adorning  it  witfi  pfreeioiit  mrbles.*  We  Meyv 
Aenfore,  conclude,  that  it  ei&tvd  at  letil  down  t*  the  third  century  of 
Mr  m  i«  iii  orIgM  poeitiOB  i  wd  it  ntf  ham  baea  boat  al  tin  aloaa  af 
ihaieaoadaetttiny.  On  tha  atfiar  liaady  fia  baia  avidanaa  that  im« 
ilna  dapoait  ibnntag  tfia  flu  land,  aiUad  ta0lma,  vaa  atfU  aataatd  by 
iM  aaa  in  tin  yaar  IM^  or  jntt  aiglit  yaaia  aniariar  la  tba  iroaMMdana 
asylaaian  af  Manta  Naofa«  Mr.  Foibaa  Kaa  lately  polMad  onl  Ifca  dli- 
tinai  teatlHMny  aC  an  old  tuiian  wriMfy  InflMkir  in  aandnnailon  of  thia 
importont  palnkt  Willing  In  1MN)»  LadMo  datltina  ihalt  fifty  ^fnaia 
preifionriy,  the  aea  warfiad  the  Kma  of  the  hiBe  wlileii  itiaftnnitba  in 
land  before  alluded  to ;  and  at  Aat  time  he  ezpreuly  tella  ut,  thai  a  per- 
son might  have  Jinked  from  the  site  of  tho«e  mins  which  are  now  eaUed 
tfte  Stadium.  (See  Fig.  66,  p.  426.)  Hence  it  folhju  s,ihnt  the  subsidence 
of  liie  ground  happened  at  some  period  between  the  third  century,  when 
the  temple  was  suU  standing,  anil  the  begmoing  of  the  sixteenUi  ceniuryt 
when  its  site  was  still  submerged. 

Now,  in  this  interval  the  only  two  events  whieh  are  recorded  in  the 
imperfect  annale  of  the  dark  ages  are,  the  eruption  of  the  Solfatara  in 
1198,  and  an  earthquake  in  1488,  by  which  Puzzuoli  was  ruined.  It  ie  al 
leaat  highly  probable,  that  earthquakes,  which  preceded  the  eruption  of  the 
Miuaia,  which  Ie  vaiy  near  the  temple  (See  Fig.  56,  p.  426),  caawd*a  aub- 
ridcnre,  and  the  pumice  and  iHhermattare Reeled  ifom  that  ▼oleana night 
have  liien  in  heavy  shawwa  into  the  sea,  nnd  troald  tlms  Immediately 
feaaa  aafiMd  np  ika  lower  part  of  the  eahnnne,  and  piaaarved  them  dnm 
Iba  nallBn  of  dw  aea  end  fram  lilhodaaMMn  peifccadMe*  Tha  waves 
■Igbft  eAerwaiAi  Into  duown  down  many  pManiy  and  ftmed  atntia  of 
lnih«4bgnianie  of  bolldiaga«  Inlarailxed  wldi  vokenia  ajaedone*  end 
tfaaa  have  aaaead  Ihaea  annta»  eonlalning  worke  of  art  and  ekf IH  wtilali 
eiMnd  1^  nevaial  niiea  along  the  aoaal,  Mr.  Bebbage,  aflar  aavaftilly 
eBnnrfnIng  award  Ineraelailone  of  ceibanila  of  Una,  ewdi  ee  Aa  wafeii 
of  the  hot  spring  might  bate  depoelted,  adhering  to  the  wiHa  and  columns 
of  the  temple  at  diff^nt  heights,  as  also  the  distinct  marks  of  ancient 
lines  of  water  level,  visible  below  the  zone  of  iiihophagoub  perforations, 
has  come  to  the  conclusion,  and,  I  think,  proved,  that  the  subsidence  of 
the  building  was  not  sudden,  or  at  one  period  only,  but  gradual,  and  by 
successive  movements. t 

As  to  the  re^evaiion  of  the  depressed  tract,  that  nny  also  have  occur- 

•  BiiflsUk,  Voy.  daas  la  OsnpaaiSytoBi.  IL  p.  107. 

*  Ed.  Java,  sfaoieaaa,  aaw  ssstoa,  No.  IL  p.  iBl. 
t  rroceedia|pefG«ol.floe.,No.3S.  Marsh  1834. 
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red  at  different  periods,  tince  earthquakee  are  not  irefreq— nt  hi  Ihlv 
eouniry.  Jorio  cites  two  authentic  documents  in  illustration  of  (hie 
point.  The  first,  dated  Oct.  1503,  is  a  deed,  written  in  Italian,  by  which 
Ferdinand  and  Isabella  grant  to  the  University  ui  VuzzuoU  a  poriiun  of 
land,  "where  the  sea  is  drying  up"  (Che  va  seccando  el  mare);  ihe 
second,  r  document  in  Latin,  dated  May  2ii,  1511,  or  nearly  eight  years  ' 
after,  by  which  Ferdinand  grants  to  the  city  a  certain  territory  around 
Fuzzuoli,  wliere  ilie  ^rountl      ilricd  up  frDii)  the  sea  (desirravn lii).* 

It  is  perfectly  evident,  however,  from  Lofiredo^s  statement,  that  the 
principal  eleyalion  of  the  low  tract  called  La  Slarza  took  place  after  the 
jrear  I630«aad  some  time  before  the  jeag  1160;  and  froia  this  alone  we 
might  have  muMWled  that  the  changt  hippened  in  tlM  year  1538,  when 
lioale  Nuovo  was  form«L  But,  faittiiialely,  w«  are  nol  IflA  m  lb» 
•lif hteet  doabi  that  ttteh  waa  the  data  of  Ihia  lanafkabla  evanl.  8ir 
Williaii  Htniltoii  liaa  gives  ua  imp  orifiial  letteta  daaeriUag  mp^ 
iea  af  1  taSk  the  Aim  of  whialu  by  Falaani.  ibled  amilaiBa  Uw  fal- 
loarisf  paaaagea.t  It  ia  no  v  two  ymm  aioce  thaw  have  beta  fteq^eat 
eaNhqniihaa  al  PusiaaUt  Napiaa,  and  the  naighbeoriiif  paila.  On  the 
day  and  is  the  eight  hefoie  the  eraptMNi  (of  Heale  Naovo)«  abof*  Iwen^ 
ahoeka,  gieat  and  amall,  were  felt  The  eniptloii  began  on  the  SQth  ef 
Septeeibar,  IMS.  It  waa  on  a  flnoday*  ahoot  one  o'aloeh  in  the  night, 
wiien  flanae  of  0fe  wove  aeon  between  the  hot  betha  and  Tripergola.  In 
a  short  time  the  fire  incrsaaed  to  auch  a  degree,  that  it  burst  open  the 
earth  in  this  place,  and  threw  up  so  great  a  quantity  of  ashes  and  pumice 
stones,  iiiixt'd  \vltfi  water,  as  cn\nr('(l  i[ie  whole  country.  The  I'.exl 
monuii^  (after  the  lurmaiion  of  MuaLc  iNuovo)  ihe  poor  iahabaatil^  of 
Pux/uoli  quuicid  their  habitations  in  terror,  covered  will)  the  muddy  and 
blnrk  shower  which  continued  the  wlmle  fhiy  in  that  counlry^ — flying 
frtnn  dc;ilh,  hut  with  death  paint('<l  in  iheir  roiintenances,  Somr  with 
tiieir  chihi:en  in  ilu-ir  nrm«,  some  wiih  sacks  full  of  their  goods;  ollten 
loading  an  n»s,  loaded  with  their  frightened  lamily,  towards  Naples; 
othera  carrying  quantities  of  birds  of  tiriooe  aorts,  that  had  fallen  dead 
al  the  beginning  of  ibe  emptlon  ;  others,  again*  with  ish  which  th^  had 
found,  and  which  were  to  be  BMt  with  in  plenty  on  the  ahore,  the  een 
having  left  them  dry  for  a  eonsiderabk  Kma.  I  aeeoaipanied  Bignor 
MocaawMetehehoMthewenderfhlelleeuoftheoniption,  Theeenhed 
Mtirail  on  the  aide  of  Bata^  nftflmMny  n  omriiirMi  irmett  and  the 
above  appaeied  dmoet  entliely  diy*  ffom  the  qoanaigr  of  nahee  and 
brahan  punice  atonae  thrown  up  by  the  eniptfon.  I  aaw  two  apringt 
in  ih§  impfy  dUeovtrtd  rtdnt  t  one  before  the  honao  that  wne  the 
qneen'at  of  hot  and  aeb  watert^  4e. 

So  &r  Falaonis  the  other  aaeonnt  ia  by  Pietio GiaoooM  di  Toledo, 

•  Sal  TM^di8sfap.etep.  fill.  t  Ctn^  PUegr«i^p.  IOl 
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vbich  begins  thus  It  is  now  tm9  yean  since  this  province  of  CtiR- 
fifn  hat  been  afflietad  wilh  earthquskes,  the  country  about  PimsmM 
■ipeh  more  so  then  any  other  parts :  but  tlie  tTth  «id  28th  of  the  MQtli 
of  September  last,  the  earthquakes  did  not  MM  da^or  Dight  in  tJM  tov» 
of  Pussnoli :  liitt  pltin  wbiefa  Itee  betWMii  Lake  Aftinvat  th«  Mum 
Barbao«  and  the  aca,  waa  rotiftf  a  iUih^  wnA  mwnj  eraaka  wm  mad»  fa 
H.  ffM  aoflw  Df  wbkh  iaaaad  watar;  at  the  smbo  thna  fikm  aaa  mm^- 
diaialy  adjoining  the  plain  drUd  191  flAotif  iMo  hmind  fum^  ao  that  tlia 
fiah  weralaftmi  thaaandapray  lotheiohabita»ta«f  PaiiacdL  Atlaal, 
oa  tha  SQth  of  the  aama  iMntb,  ahoal  two  o^cdoak  in  the  night,  the  oaMk 
opened,**  Ae.  Now,  both  theae  aeeounts,  written  immadlMely  after  the 
birth  of  Monte  Nuovo,  agree  in  expressly  slating  that  the  sea  retired, 
and  one  meniioiiis  Lhut  iia  boiimn  \v;i.s  u[»nii8eil.  To  this  cltvaiiun  we 
have  alrendy  seen  that  Hooke,  u  ritini;  at  ihe  close  ul  ihe  seventeenth 
century,  alludes  as  lo  a  well  kiiowa  raci.*  Tfie  prepoMerous  Uieuries, 
therefore,  that  have  been  advanced  in  order  to  liisjiense  with  the  eleva- 
tion of  the  land,  in  the  face  of  all  this  historical  and  physical  evidencOf 
are  no!  cmlilcii  to  a  serions  refutation. 

Enr.roachmtntn  of  the  sea  in  the  Bay  of  Jiaim. — The  flat  land,  when 
first  upraised,  most  have  been  more  extensive  than  now,  for  the  iiea 
eneroaches  somewhat  rapidly,  both  to  the  north  and  aoath<ieaat  of  Fua- 
zoolU  The  coast  has,  of  iaie  years,  givi^n  way*  nMre  than  a  foot  in  a 
twelvemoath ;  and  1  waa  aaanved»  by  fiahetmen  in  the  bay,  that  it  haa 
loaf  gnmad  near  Pannoltt  to  the  extent  of  thirty  Ibet,  witliin  their 
nemoiy.  It  la,  probably*  thia  gradual  eneroaehmant,  whiah  haa  lad 
many  anthora  to  imagine  tliat  the  lefel  of  the  eea  fci  aiowly  Haing  in  the 
Bay  of  Baie  t  an  oproion  by  no  meana  watianted  by  eneh  eifanniatancaa> 
In  the  oonrae  of  tine,  the  whole  oT  the  low  land  will*  perhapa,  be  omiad 
away,  onlaaa  aome  earthquake  ahatl  ramodify  the  anrfaee  of  Ihe  eonntiyv 
before  the  watea  reaeh  the  aoeient  eoaali>line;  bnt  tha  renoval  of  thia 
narrow  treat  will  by  no  meana  raatore  the  oountry  to  ita  former  aiale,  for 
the  old  tnfaceous  hills,  and  the  intentratified  current  of  trachytic  lava 
wlticli  has  llowed  from  the  Solfatara,  must  have  participated  in  the  move- 
ment  ul  1538;  and  ihc^e  will  remain  uprai^jt^d,  even  though  ihe  sea  may 
regain  its  ancient  limits. 

In  18<J8,  excavations  were  made  below  the  marble  pavement  of  llie 
Temple  of  Serapis,  and  another  cosily  pavement  of  mosaic  was  found,  at 
the  depth  of  five  feet  or  more  below  the  oilier,  'i'he  existence  of  these 
two  pavements,  at  different  levels,  seems  ciearly  to  imply  some  fubsidence 
previously  to  all  the  changes  already  alluded  to,  which  had  rendered  it 
necessary  to  conatruet  a  new  floor  at  a  higher  level.  But  to  these  and 
Other  ciraomalaneae  heariaf  on  the  hialory  of  the  Temple  antecedently  to 

*  AbIs,  p.  46.  I 
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revolotiooa  already  expiaiuod,  1  ahaU  not  refer  at  prtMBt,  tnialiqgUMi 
Iblure  mnttigttioM  will  ael  them  in  a  clearer  light 

JPmnanence  of  tk$  tfCMn't  IimL*-4ii  eoocluding  this  subjiet,  I  may 
•baerve,  that  interminahto  emimwnnm  to  wbidi  tbe  pbeaomraaoT  the 
of  Bm  gave  rise,  have  f prang  (torn  aA^ftxtreme  ralvctanco  to  adout 
itollialittd,>ilhMlhMllMMttiis8bjMt«ll«ni^  Had 
il  b«Mi  iaiiwied  lh»t  tlia  toftl  of  iIm  OO0111  ww  ia?ariabl»,  iw  diA  gioaad 
diat  no  iiBlnaiiflw  hawa  aa  jet  baan  olaarly  aataUiahad*  and  diat»  on  iha 
olbar  bandt  Iba  amdinaBla  ava  ineaaalant  in  diair  latal*  aa  baa  been  do^ 
lenataiiBd  bj  Ibi  motl  maqmrnal  proofii  i^ain  and  «gatnt  fram  tba 
tint  of  Sliabo  to  «nr  ovn  Umaa,  dia  appearanoea  of  dia  Tampla  al  Pan- 
nnoli  aoald  nater  bava  baan  regarded  u  aotgaiatieaL  Evan  if  aontanpo- 
raiy  accounts  had  not  distinctly  attested  the  upraising  of  the  coast,  this 
explanaiioa  should  have  been  proposed  in  the  lirst  iiislance  as  ihv  moat 
natural,  instead  oi  being  now  tidopied  unwillingly  when  ail  others  have 
failed. 

To  the  strong  prejudices  still  existing  in  regard  to  the  mobiliiy  of  die 
land,  we  may  attribute  the  raruy  of  such  discoveries  as  have  been  re- 
cently brought  lo  light  in  Uiu  Bay  of  Briiap  and  the  Bay  of  Coneepiion. 
A  false  tiu^ory,  il  is  well  known,  may  render  ua  blind  to  facts  whicii  are 
opposed  to  our  prepossessions,  or  may  conceal  from  us  their  true  iqiport 
vban  are  behold  than.  But  it  ia  time  that  the  geologist  should,  in  some 
d^giaai  overoome  those  first  and  natural  impressiona  wbiob  indooad  ibo 
yoaiaof  old  to  aaleat  tba  lack  aa  Uia  anblem  of  fimaaaa— dm  ana  aa  the 
MUfaof  knanalancy.  Our  modem  poet,  in  a  more  philoaopbieal  spiril, 
amrindMaan  ^^Tha  iaHfaof  Etaniilyt"  and  bai dnalj  oontraatad  lt» 
iaalbif  mialaniio  nf  dia  anaaaarifa  ampiiaa  wbiab  bate  donriabad  and 
Uaa  €■  dm  haadaia  of  di#  oaaan  widi  ita  ovn  nnfthangad  atabiU^. 

 Their  deeaj 

Has  (Jried  rip  TTalms  to  defprt?? : — nnt  "^o  thou, 
Uiicliari2;r'able,  save  to  lliy  Avild  >vaves'  plaj  : 
■Tune  writ£»s  no  wrinkle  on  tiiiue  azure  brow; 
Quxih.  u  cxefttiona  dasra  bdMid,  ibou  rolWsi  now. 

Cbiw  HAaei»«  dnla  iv. 
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CHAPTER  XVII. 

BUTATION  AMD  lUmDBllOB  OF  hUm  WITMtfPT  XAVniaVAnt. 

Cbangos  in  the  relaUve  level  of  land  and  sea  in  regions  not  yoto— ie-  ■Oyhueii  of 
Celsiua  that  the  waters  of  the  Baltir  Sea  snd  Northrrn  Ocean  were  smkinfj — Ob- 
jections rajrtfd  to  Ills  opimoii — t'roola  of  LJie  sUiblUty  of  the  t*o:i-l(vel  m  the  Baltic 
•^Piaytair  8  iiypotiiesi«  ibatliie  laud  waa  naing  in  Sweden^Opiniun  ot  Von  fiucb 
(p.  441 .)— Mtrkt  eat  on  tbe  rocka— Surrey  of  these  in  1890— Facility  of  detecting 
alight  ftttflfatioiM  ia  level  of  Mt  on  eooit  of  Bweden— Shoreo  of  the  oeeoa  eloo 
Mmg^Anm  vplMMed  (p.  444.>-4nielly  depedts  of  Uddevelh^-Of  «toekhei«» 
containing  foeail  ehella  ch&raoteriitic  of  tbe  Baltic— Whetber  aubeidence  in  8m- 
den — Fii«hing-hut  buried  under  marine  strata  (p.  447.) — SiaUllg  of  land  ia GlCeDr 
land — Beahog  of  theae  fiicta  on  geological  pbenoinena. 

We  have  now  eonsidercd  the  phenomena  of  volcanos  and  earthquakes  ac- 
cording to  tiie  division  of  the  subject  hefore  proposed  (p.  291),  and  have 
next  to  turn  our  ntlenlion  to  those  slow  and  insensible  changes  in  the  rela- 
tive level  of  land  and  sea  which  take  place  in  countries  remote  from  vol- 
canos, and  where  no  violent  earthquakes  have  occurred  within  the  period 
of  hnanan  obtemtion.  Early  in  the  last  century  the  Swedish  naturalist, 
Celsius,  expressed  his  opinion  that  the  waters,  both  of  the  Baltic  and 
Northern  Ocean,  were  gradually  subsiding.  From  nomeroos  observa- 
tions he  infenedt  that  the  rate  of  depression  was  abont  forQr  Swedish 
inches  in  a  centnry.*  In  support  of  this  positiout  he  alleged  that  there 
were  many  rocks  both  on  the  shores  of  the  Baltic  and  the  oeean  known 
to  Itave  been  once  sunken  reels«  and  dangerous  to  navigators,  but  which 
wefe  In  his  time  above  water — ^that  the  waters  of  the  Gulf  of  Bothnia  had 
been  gradually  conTorted  Into  land,  several  ancient  ports  having  been 
changed  into  inland  cities,  sman  islands  joined  to  the  continent,  and  old 
fishing-grounds  deserted  as  being  too  shallow,  or  entirely  dried  up.  Cet- 
tins  also  maintained,  that  the  evidence  of  the  change  rested  not  only  on 
modL'rn  obKervaLions,  but  on  the  authority  of  ancient  geographers,  who 
had  staled  that  Scandinavia  was  formerly  an  island.  This  island,  he 
argued,  must,  in  the  course  of  centuries,  by  the  gradual  retreat  of  the  sea, 
have  become  connected  wiih  (he  continent;  an  event  which  he  snjiposed 
to  have  happened  after  the  time  of  Fimy,  and  before  Uie  ninth  centuiy 
of  our  era. 

To  this  argument  it  was  objected  that  the  ancients  were  so  ignorant  of 
the  geography  of  most  northern  parts  of  Europe,  that  their  authority  was 
enliUsd  to  no  woight^  and  that  their  repiesentaiion  of  Scandinavia  as  an 

*  Tbe  Swedish  measure  acarcely  differs  from  ours,  the  foot  being  divided  into 
twelve  iaebai,  and  being  leaa  than  oura  by  thxee  eightba  of  an  tneh  only. 
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island,  might  with  more  propriety  be  adduced  to  prove  the  scantiness  of 
liieir  iuformalion,  ihaii  to  conrirm  so  bold  an  hypalhesis.  It  was  also 
remarked,  that  if  the  land  which  connected  i:^c:iiulinavia  with  the  main 
coniineiu  was  laid  dry  between  the  time  of  Pliny  aad  ihe  iiiiiih  century, 
to  the  extent  to  which  u  is  known  id  have  risen  above  the  sea  at  the  latter 
period,  the  rnfe  of  depression  could  not  have  been  unirorm,  as  was  jire- 
tendefl ;  for  ii  ought  to  liave  luUeu  much  wore  rapidly  between  the  nioUi 
end  eighteenth  centuries. 

Many  of  the  proofs  relied  on  by  Celsius  and  his  followers  were  im* 
mediately  controverted  by  Mvenl  philosophers,  who  saw  clearly  that  a 
fall  of  the  sea  in  any  OM  region  could  not  take  place  without  a  genenl 
Mnking  of  tbe  waters  over  the  mhai^  globe  t  tboy  donied  that  this  was 
the  fact,  or  that  the  depression  was  nBl».wiil,  even  in  the  Bailie*  In 
proof  of  the  stabiltQr  of  the  level  of  that  eea,  they  appealed  to  the  poaitmi 
of  the  ieland  of  Seltholnii  not  Ihr  from  Copenhagen.  Thie  iilaail  je  eo 
low  that»  in  tntnmn  and  wlnter>  it  ie  pennanendy  overflowed;  and  itia 
only  dry  in  eunmert  when  it  eervee  for  pasturing  cattle.  It  appeara  from 
doenmenia  of  the  year  IfUSO,  that  Salthotm  was  then  also  in  the  eame 
elate*  and  eiactly  on  a  level  with  the  mean  height  of  the  eea*  inetead  of 
having  been  about  twenty  Ibet  under  water*  as  it  ought  to  have  been*  ae- 
eording  to  the  computation  of  Celsius.  Several  towns,  also,  on  tlie 
shores  of  the  Baltic,  as  Lubeck,  Wism^ir,  Rostock,  Stralsund,  and  others, 
■di'icr  six  or  even  eight  humJreJ  ye;irs,  arc  as  little  elcvaicd  above  ihc  sea 
as  at  llie  era  of  their  foiindauon,  bein^  now  close  la  the  water's  edge. 
The  lowest  part  oi  Danizic  was  no  higher  ih;in  the  mean  level  of  the  sea 
in  the  year  1000;  and  after  eight  ceuturies  its  reiaiire  posiUon  remams 
exactly  ll'C  batnt'.* 

Several  of  the  examples  of  the  gain  of  land  and  shallowing  of  the  sea 
pointed  out  by  Celsius,  and  afterwards  by  Linnsus,  who  embraced  tbe 
same  opinions,  were  ascribed  by  others  to  the  deposition  of  sediment  at 
points  where  rivers  entered ;  and*  undoubtedly,  Ceisiui  had  not  eufficiendy 
distinguished  between  changes  due  to  lliese  causes,  and  sueh  as  would 
arise  if  the  waters  of  tbe  oeean  ilaelf  were  diminishing.  Many  Inr^e 
rivers  descending  from  a  mountainous  country,  at  the  head  of  the  Gulf  of 
Bothnia,  enter  the  see  charged  with  sand,  mud*  and  pebbles,  and  it  was 
said  that  in  these  places  the  low  land  had  advanced  rapidly*  eepeeislly 
near  Tomeo.  At  Pitao  also*  half  a  mihi  had  been  gained  In  forty-five 
yean ;  at  LuteOft  no  lees  than  a  mile  in  twen^«eight  years;  facts  which 
might  all  be  admitted  eonsistanlly  with  the  aasnmptioo  that  the  level  9i 
the  Baltic  has  remained  nnehangiMi*  like  that  of  the  Adriatic*  during  a 

*  For  a  full  account  of  the  Cchian  esutlievewy*  WS  OUJ  faftv  CUT  ffildsri  t»  Vsa 

tioff,  Geschichtf ,  At   vol.  i,  p. 

t  Piteo,  Luleo,  mni  Ubo  are  »peii,  in  m&ny  Engh»h  maps,  FiteA|  Laie«|  Abo  >  bot 
tbr#  is  not  founded  in  lh«  Swedish  diphthoo^^  aoo^^ 
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period  whea  the  plains  of  the  Po  and  the  Adige  have  greatly  extended 

tiieir  area. 

It  was  also  alleged  that  certain  insular  rocks,  once  eiiiirclv  rovered 
wilh  water,  had  at  length  protruded  themselves  above  the  waves,  and 
grown,  in  the  course  of  a  century  and  a*half,  to  be  eight  feet  high.  The 
following  attempt  was  niadt  to  ezpltiB  away  thai  phenomt]ioa>— In  tha 
BaltiOv  laiga  anratla  bkialca,  as  well  as  sand  and  smaller  stones  wbieit  lia 
on  ilioali«  aia  liable  every  year  to  be  frozen  into  the  ice,  where  tha  Ma 
fiaeiaa  to  tba  depth  of  five  or  six  feet  On  tha  maltiflg  of  the  snow  m 
apriiif  9  whan  tha  eaa  riaea  about  half  a  Mmmb*  mmeiooa  tca-huide  float 
awaj,  beifiiig  op  tbaaa  loeky  fragmama  io  aa  to  ooovey  them  lo  a  dia- 
taaeoi  and  if  thay  aia  drifon  by  tha  waTaa  open  ahoilft  tbay  nwy 
ooofort  tfaam  Into  Islaada  by  depaelting  tha  bloakai  if  etiandad  vpon 
low  ialanda»  thay  may  aooMdeiaUy  aagmant  tfaair  height. 

BfowaUiia«  alioi  and  aoma  other  Swedirii  natoiiUeta,  aAmed  thai 
aomo  islaada  waia  lower  than  Ibnnerly ;  and  that  by  refafanae  t^  thia 
mad  of  afideneot  there  waa  eqoally  good  reason  fbr  contendtag  that  the 
level  of  the  Baltic  was  gradually  risings.  They  also  added  another 
curious  proof  of  the  permanency  of  the  water-level,  at  some  points  at 
least,  for  many  centuries.  On  iJiC  i'uilaad  coast  were  some  large  piaes, 
growing  close  lu  the  water's  edge;  these  were  cut  down,  and,  by  count- 
ing the  concentric  rings  of  annual  growili,  as  seen  in  a  transverse  section 
of  the  irunk,  il  was  demonstrated  thnt  they  had  stood  there  lor  four  Imn- 
dred  years.  Now,  according  lo  liie  Olsir^n  hvpoihesi*?,  tlic  sea  had 
sunk  about  fifteen  feel  diirlntr  iliai  jirnod,  in  u  hirh  case  ihe  germination 
and  early  growth  of  these  pines  must  have  been,  for  many  seasons,  below 
the  level  of  the  water.  In  like  manner  it  was  asserted,  that  the  lower 
walls  of  many  ancient  castles,  such  as  those  of  Soaderborg  and  Abo, 
laaebad  then  to  the  water*s  edge,  and  most,  therefore,  according  to  the 
theory  of  Cdsios»  hate  been  origioally  oonetnieted  below  the  level  of  tha 

la  ffspiy  to  this  liat  argmnent*  Colooel  HiUstrom,  a  Swadifh  engineer. 
woU  aeqoainted  with  the  Finland  ooaett  aeenrnd  nie»  thai  the  bese  of  the 
walla  of  the  eeello  of  Abo  »  now  ten  feet  above  the  water,  eo  that  there 
may  liave  been  a  eoneiderdblo  riee  of  the  land  at  that  point  linoa  tha 
hnyding  was  ereeted. 

Play  Air,  in  hb  Ilhiatretione  of  the  Hattontan  Theoiy,**  in  1Mt» 
ndnittad  the  eoffieiency  of  the  proole  eddnoed  by  Ceteine,  hot  attribntsd 
the  change  of  level  to  tha  novenent  of  the  land,  rather  than  to  a  diminn- 
tion  of  the  waters.  He  observed,  that  in  order  to  depress  or  elevate 
the  ahsoluie  level  of  ihe  sea,  by  a  given  qiiainily,  in  any  one  ])lace,  we 
must  depress  or  elevate  it  by  the  same  quaiiiuy  over  ihe  whole  suriace  of 
the  earth;  whereas  no  suck  necessity  exists  with  respect  to  the  elevation 
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diHHMiiutt  of  the  lewL'"*  Tha  liyiwtlnrii  of  the  riMD|r  of  the  land, 
**sgree9  wtXL  with  the  Huttonhtti  Acory,  which  holds  that  our 
eonttnenta  are  mihject  to  be  acted  upon  by  tUe  expansive  forces  ol  ihe 
naincTi-il  rcLnons;  lhat  by  these  forces  tbey  hare  been  aeiualiy  raised  11^9 
auid  nre  sustained  by  them  in  their  present  situation. **t 

In  xiio.  year  1807,  Von  Buch,  after  returningf  from  a  tour  in  Scnnda- 
navia,  announrcd  Ins  conviction,  *uhat  the  whole  (country,  from  Frederick- 
shall  in  Sweden  to  Abo  in  l'"in]and,  and  perhaps  as  far  as  St,  Petertburghy 
wae  slowly  and  insensibly  rising.**  He  also  suggested  **that  Swedes 
may  rise  naore  than  Norway,  and  the  northern  more  than  the  sootheni 
pBTt.**^  He  was  led  to  these  ^osclusions  principally  by  iiilbfnMlimi  ob- 
"•uaed  from  the  MaMMili^  tnd  pilots,  and  in  part  by  ihft  oeimaM  «f 
OMrlne  eliells  of  mm  tpeeiet,  which  he  Wl  kmad  at  seiml  poili 
lh«  eoMt  oC  Nonrty  tbove  the  level  of  iIm  smu  He  alse  wtcmikam  tSbi 
flMfflM  Ml  OQ  the  ndu.  Vm  BMl^tbatalSirik  to.llMi  Mitof  toiif  ifct 
tot  geqiagiil  who»  tUm  ■  penondt  nmwition  •Ctli*  cvidMet  dodlMA 
in  Ik^ov  of  dM  iln  of  lasd  ii  0Midia«fla» 

Tbe  BtltiitiMi  eaoited  by  ddt  Mb}Mt  kt  tho  otrly  part  of  At  fmm^ 
my,  MMed  muf  pbilosopheio  in  Swodoa  4»  ipitmwp  to  dotmbo, 
fcf  aooonlo  obMrvttiost,  wMMr  ilni^hvd  lofol  of  tho  Miio  ww 
Mlly  MAjeel  to  perfoAool  Tuiidlons ;  and  ondor  Mr  dboetion,  lines  or 
grooves,  indicating  the  ordinary  level  of  the  water  on  a  calm  day,  together 
with  the  date  of  the  year,  were  chiselled  out  upon  the  rocks.  In  1820-21, 
all  the  marks  made  before  those  years  were  examined  by  the  officers  of 
(he  pilotage  establishment  of  Sweden;  and  in  their  report  to  the  Koyal 
Academy  of  Stockhohn  they  declared,  that  on  comparing  tlic  level  of  the 
sea  at  the  time  of  their  observations  with  that  indicated  by  the  ancient 
marks,  they  found  that  the  Haliic  w:is  lower  relatively  lo  the  land  in  cer- 
tain places,  but  the  amount  of  change  during  equal  periods  of  time  bad 
not  been  every  where  the  same.  During  their  survey,  they  cut  new 
Mrks  for  the  guidance  of  fbtore  obtorvers,  several  of  whieb  I  had  an 
opportunity  of  examining  foafleoa  years  after  (in  the  sonmer  of  1834)t 
nd  in  that  interval  the  land  appeared  to  no  lo  hafo  risen  at  certain  plaooo 
north  of  Stoekholm  foor  or  fito  toches.  I  ilio  eonvinced  myMlf»  doilmf 
ttjr  iMt  to  8wodeB»  lAer  eoaToniiig  with  muij  oMl  ongiiMMip  pttoto^ 
ood  isliormeB,  ood  after  exenioiBg  eone  of  tlie  eooieiit  muk»»  tei^tho 
ofideiiee  HonuAf  addoeed  fo  fimwr  of  tlio  eliaogo  of  leiel,  both  oo  te 
ooorti  of  Sweden  attdFiiileiid»wae  fill  Mid  eetiilfaBlM7.$  Thoollente 

•  Sect  3!)3.  t  Sect.  398.  t  Transl.  of  his  Truv-  U,  p.  ?>^7. 

§  In  luruief  eilitlrins  1  oxpr«'»s*'d  many  doubts  as  to  the  validity  ot  Uic  prooii*  of  a 
gradual  riae  of  land  lu  tiwudcu.    A  detailed  statement  of  the  observations  which  I 
■Mda  ia  1BM|  and  whtt  M  ms  le  ohaage  my  opinion,  will  be  iboiid  fa  tlM  PUloa^ 
fUsal  'ftinsaelwMs  Ar  1836,  part  L 
Vot^I^F 
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lif  lend  f  vitedf  dtrntatobtt  «•  praeMd  fiwn  Ihtt  Mrtheni  pvte  of 
tlM  Ovif  of  Bolkaia  ^wiidt  the  aoath,  being  iliglit  anMiiil  Stodikolni^ 
and  not  in  the  letst  de^e  perceptible  in  Scania,  the  souihernmoet  pro* 

vince  of  Sweden.  Some  writers  have  indeed  rppresenied  the  rate  of 
dt'jjression  of  the  waters  ai  Siockholm  as  very  consiJerable,  because  cer- 
tain houses  in  that  city  wha-h  arc  buik  oa  piles  liave  sunk  dnwn  withlo 
the  memory  of  persons  still  living,  so  as  to  be  out  of  the  perpendicular; 
am]  ilus  in  consequence  of  the  tops  of  the  piles  pivmij;  way,  and  decaying", 
ow  ino^  to  a  fall  of  the  \\  ;uers  which  has  expiis( d  ilwm  to  he  alternatolv 
wet  and  dry.  The  iiouses  alluded  to  are  situated  on  tlie  borders  of  I^aive 
Maeleri,  a  large  laiie,  the  outlet  of  which  }o'ms  the  Baltic  in  the  middle  of 
ftiookholoi.  This  lalut  it  oertainly  lower  than  formerly ;  but  the  prioci** 
pal  flUMe  of  the  change  is  not  the  elevation  of  the  land,  but  the  remofti 
of  two  old  bridges  bviU  M  pilWi  vhich  focmeriy  obstruoied  tb«  dischargf 
«f  tkt.  freeh  weler  int*  the  sea.  Another  caaee  is  the  opening,  in  the 
3reer  I810»  of  a  aav  ewal  el  SliJerteljef »  plaet  mmfh  of  Siaekholoit  by 
maane  of  which  t  new  ttiM  oC  MMUiMMIioii  w«a  fmmfii  balwe^  Lik» 
Umhm  sad  tha  BalUo.* 

It  will  naloiBlljr  ba  aaM»  wMifff  tha  maaa  level  of  a  tea  like  tha 
Bahia  mm  avar  he  dalermined  eo  «sao|j|/  lo  pennil  aa  to  aftpeaeiata  a 
variation  of  level*  aoaoaating  only  to  ooa  or  two  fcet.  In  reply,  1  may 
ahaetvB,  thai,  aiaapt  Mr  the  OaUagaV  theia  aia  do  tidaa  in  the  Baltie; 
and  it  ie  oaly  vhei  paniaidai  wU4$  have  iNnmilad  for  aevanl  daya  fm 
•aeeession,  or  at  certain  saasouf  when  there  has  been  an  uousnal^y 
abundant  influx  of  river  water,  or  when  these  causes  have  combined,  that 
thijs  bea  is  made  lo  rise  two  or  ihree  feel  above  it^  Lianvlani  level.  l  iie 
fluctuations  due  lu  iht  st  c  auses  are  nearly  ihe  i>aine  iiuin  year  to  year> 
so  that  the  pilots  and  h^httatin  believe,  and  npparenily  with  reason,  that 
they  can  mark  a  deviation,  even  of  a  lew  mcheSi^  from  the  oniiAary  oi 
aicaii  heigiit  ul  ilw-  waters. 

•There  are,  moreover,  peonliarities  in  the  eon  fii^u  ration  of  the  shores  of 
Norway. and  Sweden,  which  facilitate,  in  a  remarkable  degree,  the  appre- 
ciation of  slight  changes  in  the  relative  level  of  land  ami  water.  It  has. 
aftao  haea.eai4t  thai  there  are  two  coasu,  an  inner  and  an  oiuar  oaa;  tha 
ianer  being  the  shore  of  the  oiaiuland  ;  the  outer  one,  a  fringe  of  count- 
lots  rocky  islands  of  all  dimensiooap  eallad  the  skiir  (ahair).  Boats  wd 
B«aU  veoMls  make  their  eaaaiiac  voyegae  withhi  this  ek&r for  hero  thay 
■My  aaU  in  amooih  water,  even  when  tha  eea  without  ie  etvangly  agitated. 
Bat  the  navigation  is  very  intrieate*  and  Ihe  pilot  must  poeeeee  a  perfeei 
acquaintance  with  the  bieadth  and  depihof  every  narrow  efaaon^  and  tha 
poiilion  of  innumerable  ennhen  sacfca.  If  on  aueh  a  coaal  the  land  nam 

•  See  rrofcBsor  Johnston''?  Pap.  r,  Ed.  Kew  Fiul.  Jouai.,Ko.  S9,  Jtt^  1883;  SD^ 
my  remarka,  Fiiil.  Tnuui.|  io^,  p.  JU. 
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one  or  two  feet  in  the  course  of  half  a  century,  the  minute  topoiiraphy  of 
the  skiir  is  entirely  altered.  'Vo  n  stranger,  indenl,  w  ho  revisits  it  nfter 
an  interval  of  many  years,  its  general  aspect  remains  the  same  ;  bul  ihe 
inbabitant  finds  that  he  can  no  longer  penetrate  with  his  boat  through 
ehannels  where  he  formerly  passed ;  and  he  can  teli  of  coanilcss  other 
eb«nget  in  Ihe  height  and  breedth  of  itoiated  locks,  now  exposed,  bat 
once  oDly  eeen  through  the  ele«r*weler« 

The  ffocfce  of  gveiM*  mica^hiet,  end  quarts,  are  naualty  very  hard  ob 
this  eciaet,  alow  lo  decompoae,  and,  when  protected  from  the  brrakera, 
lemaining  for  ages  unaiteied  in  their  form.  Hence  it  is  easy  lo  marlt  the 
efagee  of  their  progressive  eroeigenoe  by  the  aid  of  natural  and  artifieial 
marks  impfinted  on  them.  Beaidoe  the  summits  oi fixed  roeke,  there  are 
nttmerone  erratic  blooke  of  vast  siie  etrewed  over  the  shoaia  and  islande 
io  die  ak&r,  wliieb  have  been  probably  drii\ed  by  ioe  in  the  manner  be- 
fore saggested.*  All  these  are  observed  to  have  increased  in  height  and 
dimensions  within  the  last  half  century.  Some,  which  were  formerly 
knowii  aa  dangerous  sunken  rocks,  are  now  only  Jiitiden  when  the  WLiier 
is  highest.  On  their  iirst  appearance,  they  usually  present  a  sinooili, 
bare,  rounded  proLnloerance,  a  few  feet  or  yards  in  diameter;  and  a  single 
sea-cfull  often  appropriates  to  iiself  this  resting-place,  resorting  there  to 
devour  its  prey.  Similar  ponit^',  in  the  mean  time,  liave  grown  to  long 
reels,  nrul  are  constantly  whitened  by  a  miihitiule  of  sea  fowl;  while 
others  have  been  changed  from  a  reet,  annually  submerged,  to  a  small 
islet,  on  which  a  few  lichens,  a  fir-seedling,  and  a  few  blades  of  grass, 
attest  tliat  the  shoal  has  at  length  been  fairly  changed  into  dry  land. 
Thoaeaode  of  wooded  islands  around  show  the  greater  alterations  which 
time  can  work.  In  the  course  of  centuries  also,  the  spaces  intervening 
between  the  ezisling  islands  may  be  laid  dry,  and  beoome  grassy  plains 
encircled  by  heights  weU  clothed  with  lofty  flra.  Thia  Isat  step  of  the 
pffoeesB*  by  which  long  fionb  and  narrow  channels,  once  eepartting 
wooded  islande,  are  deserted  by  the  aea,  has  been  exemplified  within  the 
memory  of  living  witnesses  on  several  parts  of  the  coast. 

Had  the  apperant  fall  of  the  waters  been  obeerved  in  the  Baltic  only, 
we  might  have  endeavoured  to  explain  the  phenomenon  by  local  causae 
affectmg  that  sea  alone.  For  toeumee,  the  channel  by  which  the  Baltic 
diacharges  its  surplus  waten  into  the  Atlantic,  might  be  supposed  to  have 
been  gradually  widened  and  deepened  by  the  waves  and  currents,  in 
which  case  a  fall  ol  the  water,  like  that  before  alluded  lo  in  Lakt  Maoler, 
miL'lit  h:^ve  occurred.  But  the  lowering  of  level  would  in  that  case  have 
been  unilorin  and  universal,  and  the  waters  could  not  have  sunk  at  I'orneo, 
while  they  retained  their  former  level  at  Copenhagen.  Such  an  explana- 
tion is  aleo  unteaabie  on  otker  grounds ;  for  it  is  a  fact,  as  Celsius  long 
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^  affirmed,  that  the  altmiiNl  of  Idvil  tttends  lo  llie  western  ehom 
gmwitBt  ^ofdering  the  oomb«  Tbe  signs  of  elevation  obamMi 
IWmlU  isd  GMMBbWf  m  ■•  wtU  tiliblished  as  th«M  oa  llM  shores 

w  kbMte  of  ManlMd  and  GoUMlnta*  iho  laMmOoned  IomIi^ 
Wing  OM  W  diM  pulwalHly  ppisled  oolbj  GsImm, 

Tlw  iahsbilBiiti  Ibm  ind  ekewbits  aiua»  lllal  tha  nto  of  tb*  wking 
ff  Hi*  fea  (or  dmte  ct  bad)  wiw  k  dUhiwil  and  a^joinuf  diMriM, 
being  gi«Mtit  at  potato  whon  tbe  oooM  k  low.  BM  ui  tUs  Ibogr  m 
deceived ;  for  they  meaanre  the  aoMMnt  of  riss  by  tbo  area  gained*  wlMi 
is  most  considerable  where  the  land  descends  with  a  gentle  slope  into  the 
sea.  In  the  same  jnanncr,  some  atlvocates  of  Uie  Celsian  theory  formerly 
appealed  to  the  increase  of  lands  near  the  mouths  of  nvcry,  not  sufficiently 
adverung  to  the  fact,  that  if  the  bed  of  the  tea  is  rising,  the  change  jm\1 
always  be  most  sensible  where  the  bouoin  has  been  previously  rendered 
shallow;  whereas,  at  a  distance  from  these  points,  where  the  scarped 
granitic  clifTs  plunge  at  once  into  deep  water,  a  much  greatar  amount  of 
OleVAtioii  \^  neceBsary  to  produce  an  equally  ronspicuoiis  change. 

to  the  area  in  northern  Europe  which  is  subject  to  this  slow  aphea?- 
Il^  movement,  ve  have  not  as  yet  sufficient  data  for  estinoiattng  il  01^ 
lectly.  Il  seenw  inrobable,  however,  that  it  reaches  from  GoihenbMf  lo 
TonoOfe  uA  too  tiiiiioo  to  the  North  Cape,  the  rate  of  eiofotMMi  increas- 
ing alwagpo  m  wo  yooood  tobor  aoilbwards.  The  two  extremities  of 
duo  lioo  010  BMxre  thao  o  Ifaoooiad  foogiopbM  auloo  dioto»t  kom  oo«b 
oibor;  md  lo  botb  lontfoole  in  tbo  oooi%  wo  koow  aol  b«w  mmk 

Him  troet*  iu  limito  oio  oiotlly  noiitoiB»  Iboogb  it  ovido^y  mrtii  ii 
WOMlbowidoolpoiliofthoQolfof  BolbolOtiiid  ni^  poofaobty  oMrii 
||«riBloihomloikt,bolhof8wod«iiondFiited.  Nowt  tf  tbo  oioiotii 
ooQtiaoOt  o  brger  poU  of  tbo  GtOf  of  Botbsio  will  bo  tonod  lolo  Iwd,  ot 
•bo  looio  of  ibo  ooooa  0^  tbo  woU  oooH  of  Hmtidm  bolwow  Q oihwrfiu rg 
and  Uddofdlt ;  and*  oo  ibo  olbor  bood,  if  tbo  obange  has  boon  going  on 
for  tliousands  of  years  at  the  rate  of  several  feet  in  a  century,  large  tracts 
of  what  is  DOW  laud  must  have  been  gubmarme  al  penoda  comparauvcly 
modern.  It  is  natural  therefore  to  incjuire  wheUier  there  are  any  signs 
of  the  recent  sojourn  of  the  bh^  011  di&iricis  now  inland  ?  The  answer  is 
most  satisfactory.  Near  TIdflevaUa  and  the  neighbouring  coasilaiul,  we 
find  upraised  depopita  of  shells  belonging  to  sjiecies  ?iirh  as  now  live  iQ 
Uie  ocean  ;  while  on  the  opposite  or  eastern  side  of  iSweden,  near  Stock- 
boUlw  Gofle,  and  other  places  bordering  the  Bothnian  Gulf,  there  ait 
•nalogous  bedt  oontaining  shells  of  species  ebanotoriotic  of  the  Utio. 

Von  Buch  announced,  in  1807,  that  he  had  discovered  io  Norway  Md 
ot  Udde  valla  m  Sweden»  bods  of  shells  of  oxittiog  apeeioo«  ilooBoiderable 
heights  above  the  sea.  Suioo  tb^  tt^  ottior  BalnnUito  bofo  oottfiiaod 
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if  mom  tfiaa  400  ImI  tibave  Ih*  tm  hi  the  nonhern  pari  of  Norway.  M. 
Alex.  BroDgniart,  when  he  Tisited  Udde?alla,  aacertained  that  one  of  the 
principal  masses  of  shells,  that  of  Capellbackeii,  is  raisid  more  than  200 
feet  above  the  sea,  restinp  on  rocks  ol  gneiss,  ibe  .s])e('ics  l)cingf  iden- 
tical vfiih  ihufce  iiow  ijihabni!i|[(  Uic  conuguous  yce;in.  'ITiesamc  ualural* 
Isl  also  slated  that  on  examiniii<^r  with  care  ibc  surtace  of  ihe  c;neiss, 
immediately  above  t'le  ancient  slielty  deposit,  lie  luimt!  barnorles  [haUmi) 
adhering  to  the  rocks,  showing  thai  liie  se^  hatl  remained  there  lor  a  long 
time.  T  was  fortuiKite  enou^^li  to  he  able  to  verify  this  ot)«ervation  by 
finding,  in  the  aummer  of  1834,  at  Kured,  about  two  milea  Milh  of 
Uddevalla,  and  at  the  h»ii^  of  more  than  100  (mi  above  Um  tea,  a  now 
hce  of  gneiaa  newly  laid  opw  by  the  partial  removal  of  a  mass  of  ahellt 
used  largely  in  the  diatrict  for  naluag  lino  and  repairing  the  roads.  So 
firmly  did  these  barnacles  adhere  to  the  gneiss  that  I  bioko  off  poMioM 
of  tho  voek  with  tba  akalls  attooUd.  Tha  faea  ^  tba  goeiaa  wia  atoo 
aawmtod  witli  aauU  soophytoi  (dtttpmmf  La«i,)»  bol  M  iboae  or  tho 
boi—fliw  ban  OKpoiod  in  tbo  aUnoophon  ovar  ainao  <bo  elovaHoo  of  Iho 
fo^a  nhofo  ifao  oaat  Ih^r  voold  pmbaUy  hava  dooonpoaad  and  baan 

Tbo  lows  of  UddofaUa  ataadi  at  tho  hand  of  a  narrow  oreak  ofOfbung 
by  steep  and  bainn  loeka  of  fnaiaat  of  whioli  all  tbo  a4jaoant  eoontry  is 
oonposed,  oaea|»t  in  tba  low  grounds  and  bottoms  of  Talleya,  where 

strata  of  sand,  clay,  and  marl  frequently  hide  the  fundamental  rocks.  To 
liieso  newer  atid  horizontal  deposits  the  fossil  shells  above  mentioned 
belong,  and  bimilar  marine  remains  are  iouiid  al  vaiiuuti  heigliib  aLiove  the 
tea  on  the  opposite  island  of  Orust.  The  extreme  distance  from  the  sea 
to  winch  such  fossils  extend  is  as  yet  unknown,  hut  ihey  have  been 
already  found  at  TroUhiittan  in  diiign^g  ilie  canal  iherc;,  and  siili  Otrther 
inland  on  the  northern  borders  ul  hike  Wener,  fifty  niles  from  the  sea«  at 
aa  elevaiion  oi  '200  feet,  near  Laku  iiogvarpen. 

To  pass  to  the  Baltic :  1  observed  near  its  shores  al  Sodertelje,  sixteen 
miles  S.W.  of  Stockhoba,  strata  of  saad»  Qlay»  and  marl,  more  than  100 
feet  high,  and  oantobiing  sheila  of  apaotes  now  inhabiting  the  Bothiuan 
QvU>  These  consist  parUy  of  marine  and  partly  of  firaahwaiar  apaciaa  | 
bnl  Iboy  aio  inr  in  number,  the  biaabiabaaaa  of  the  water  appearing  to 
bo  vary  nnlimniiblo  to  tbi  dovob>pment  of  taataeao.  Tbm  most  abundant 
apoBioi  aio  Ibo  oonuaon  ooakla,  and  the  common  aoaelo  and  pariwinklo 
at  mtt  ^MMMB  (CawMumt  mdtd^  MSutihdM  mdtjtjt  and  ZAUorimt,  JlUatsa^. 

tflfBthor  witb  a  anall  UlUna  (71  Mte).  and  a  few  aninio  nnitalToa 
aUMtoPolMKiuitiiM*  Tbaio  livf  in  Ibo  aano  waltn  aa  a  Z^NiiMiiit 
%N«nHm  (A^.  y^aMi(»)» and aome olbar  finabwntar  afaaUi. 

Bnl  tbo  marina  moUntka  jof  tboBaldo  abovo  mantionod*  altbongb  vaiy 
nnmorona  m  indifidttals,  ara  dwaifiab  in  alio,  aeaieely  avor  attaining  a 
third  of  Ibo  aterage  dimeiMioQfl  wbicli  they  acquiro  in  tba  aaltar  wataia 
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of  iM  oeetQ.  B7  tbii  ebtnMltr  •lone  m  fsologlit  w«Ni1d  geiienlly  he  AHm 
to  i«eo^iM  an  membbge  of  Baltio  fonilt  at  diatinsatahed  from  Uioae 
darifad  from  a  depoait  in  Iba  oeaaa*  Tha  abaenea  alao  of  oysters,  bai^ 
naelea,  whallta,  aoallops,  limpeta  (oafMa,  Mamit,  httednumt  pecten^ 
patella),  and  many  (Hlwr  fDrina  aboottdm|f  altka  in  tlio  aaa  near  Udderana, 
and  in  the  fossilUrerous  deposits  of  modern  date  on  that  coast,  supplies  an 
juhliiionnl  negative  character  of  the  greatest  value,  dislingnishing  nssem- 
biagcs  oi  Baltic  from  those  of  oceanie  shells.  Now  the  strata  coniciiiiing 
Baltic  shells  are  tound  in  many  locnluies  near  Stockholm,  Upsala,  and 
Gefle,  nnd  will  probahly  be  discovered  every  where  nround  the  borders 
of  the  Bolhninn  riulf;  for  I  have  neea  «inul:\r  rprfrxins  brouLrlit  froni  Fin- 
land, HI  marl  resembiirig  that  found  near  JSiockholin.  The  utmost  dis- 
tance to  which  these  deposits  have  yet  been  traced  inland,  is  on  the 
aoutheni  ahores  of  Lake  Maeler,  at  a  place  seventy  miles  from  the  sea.* 
As  no  aoeorata  observationa  on  the  rise  of  the  Swedish  ooaat  refer  to 

« 

ptrioda  more  remote  than  m  oentniy  and  a-half  from  tha  present  time,  snd 
at  traditional  information,  and  that  dartvad  from  ancient  boiidtnga  on  tha 
eoaatt  do  not  enable  the  antiquary  to  trace  baolt  any  monnmanta  of 
ebanga  for  mora  than  five  or  six  eantariea,  wo  cannot  declare' whether  the 
rata  of  the  nphea?ing  force  la  nnifoim  during  fory  long  periods.  In  thoaa 
diatrieta  where  the  foaail  ahella  are  found  at  the  height  of  more  than  900 
Ibet  abofo  the  oeeaot  aa  at  Uddevdla,  Oraat,  and  Lake  ]logTaipon«  iho 
praaent  rata  of  liae  aaema  leaa  thin  foor  feat  in  a  century.  Evaii  at  thai 
nia  it  would  have  loquired  five  thooaand  yeara  to  lift  op  thoae  depeaita* 
But  aa  tho  movement  ia  now  very  diibtont  in  diffnont  plaoaoi  It  may  alao 
have  varied  msch  in  inienaity  at  different  perioda. 

Whether  any  of  the  land  in  Norway  is  now  rising  mnst  be  determined 
b)  lutuit'  inve>iiL!;aiions.  Marine  fossil  shells,  of  reccni  species,  have 
been  coDtJcieii  irorn  inland  places  near  Drontheim  ;  but  Mr.  Everest,  in 
his  **  Travels  througii  Norway,"  informs  us  that  the  small  island  of 
Munivholm,  which  is  an  insulated  ruck  in  the  harlxnir  of  Drontheim, 
affords  coucluisue  evideiice  of  the  land  Iniv  incr  in  tiiai  reu^ioa  reui  iiiud 
stationary  for  the  last  eight  centuries.  I  Iil  nrea  of  this  isle  does  nut 
exceed  thai  of  a  small  village,  and  by  an  official  survey,  its  highest  point 
has  been  determined  to  be  twenty 'three  feet  above  the  mean  high  water 
mark,  that  is,  the  mean  between  neap  and  spring  tide*'.  Now,  a  monas- 
tery was  Ibandad  there  by  Canute  the  Graat»  a-o.  1038,  and  thirty'ihrao 
yeara  before  that  time  it  waa  In  nao  aa  a  common  place  of  execotion. 
According  to  the  aaaomed  average  rate  of  riaa  in  Sweden  (about  forty 
inahae  in  a  century),  wo  aboold  be  obliged  to  eoppoeo  that  thia  ialand  had 
been  tKWfeet  eight  inehea  below  hfgb-watar  mark  when  It  waa  ofiglnaOy 
ohoaen  as  tho  aita  of  the  monaalery. 

Bnt  wo  have  not  ooly  to  learn  whtdier  the  notte  pipcaedi  afaraya  at 
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Ute  same  rate,  bui  also  whetlier  it  has  been  uniforatly  in  one  direction. 
The  level  of  the  land  may  oscillate  ;  and  lur  centuries  there  may  be  a 
tit  ;jrcbsion,  aiul  [ifierw  ards  a  re-elevalioii,  of  the  same  district.  This 
idta  is  rendered  i\w  inoie  probable  by  the  proofs  iaieiy  brought  to  liglit 
by  iwo  Danish  investigators,  Dr.  Pingel  and  Captain  Graah,  of  the 
siniving  down  of  part  of  the  west  coast  of  Greenland,  lor  a  space  of  more 
than  600  miles  from  aorili  to  south.  The  observations  alluded  to  were 
made  by  Captain  Gmah  during  a  survey  of  Grtfuiland  in  1823-24  ;  and 
•awwanit  in  1929^  $  tkom  by  Dr.  Pingel  were  mw^B  in  l8aO-4».  it 
appears  from  various  tigM  and  traditions,  that  the  coast  has  beea  sub* 
•idiag  for  Um  last  hut  mtariea  finoM  the  Firth  called  IgaUiko  in  1%U  60^ 
43'  M.  to  Dim  Bay*  eitrnding  la  neaily  iha  69tb  dagiaa  of  norih  lad* 
tadob  Aaaieat  baildiDga  on  low  loeky  kkoda  aad  on  tlie  ahora  of  tha 
■■ialaad  liafa  baan  gmlaally  tabiMifail,  and  axpariaoea  bai  taoght  dia 
aliffrigutal  Oiaanlandar  navar  to  bniki  bia  hai  ntar  iba  walav'a  adga.  la 
ana  fMoa*  iba  If  oravlan  aaMknra  bata  hean  abligad  moia  tban  onaa  la 
IBOfa  ialaad  tha  fMlaa  vpoit  wbjab  tbair  iarga  boata  waia  tatt  aad  tba  old 
pol0a  tilli  lamaia  banaaib  iba  vaiar  at  ailaat  wiiaatsaa  of  tbe  ebaago.* 

8oni«  phanoaMoa  in  tha  nalghbonibood  of  Stoekholm,  appear  to  me 
only  explicable  on  the  supposition  of  the  alternate  rising  and  sinking  of 
ilie  ground  since  the  country  was  inhabited  by  man.  In  digging  a  canal, 
in  1819,  at  Sodertelje,  about  sixtcta  aides  to  the  soiuli  of  Siocklioim,  to 
unite  Lake  Maeler  wiiii  ihu  i>aiuc,  marine  strata,  couiaaiini!  IdsmI  shells 
of  Baltic  8|jt  ctuii,  were  passed  through.  At  a  depth  of  nlxiiu  mxiv  feet, 
they  came  down  upon  what  seems  to  have  been  a  buned  tishing-hut,  vow- 
strucled  of  wood,  in  a  nintc  of  (ifcomposilion,  which  soon  rrnnibled 
away  on  exposure  to  the  air.  The  lowest  part,  liowever,  which  had 
stood  on  a  level  with  the  sea,  was  in  a  mora  perfect  state  of  preservation. 
On  the  floor  of  ihu  bat  was  a  rude  fireplace,  consisting  of  a  ring  of  ttODeo, 
and  within  this  w^  eiadart  and  cbarrad  wood.  On  Iba  ontiida  lay 
boiitghs  of  the  &K9  ant  as  with  an  asa,  wilb  Iba  loaves  or  needles  t till 
■ttaahtdt  It  iaama  impoetibla  to  axplain  Iba  position  of  this  boned  batv 
wiilioat  imagining,  aa  in  Iba  aam  of  iba  Tampla  of  Serapia  (tea  p.  496)* 
talf  a  iubaidanfla  to  tba  daptb  of  nuMO  than  aixly  laal»  iban  a  lo-alavation. 
Dnring  ibo  paiiad  of  aaboMMganaa,  tba  bnt  anal  bava  baaoiaa  eovaiad 
over  vilb  giaval  and  abally  aaiU  nndar  vbtab  not  only  tha  bot»  bat  aava* 
lal  taaaala  alao  waia  tend*  af  a  vaiy  antiqaa  foim,  aad  having  tbair 
tinibaia  fSMianed  together  by  woadan  pegs  iaaiead  of  naila.t 

The  probable  cause  of  theae  movement,  whether  of  elevation  or  de- 
pression, will  be  more  appropriately  Uiscu&sed  in  the  following  chapters, 

*  See  Proceediags  of  OeoL  80c.,  No.  43,  p.  906.  I  also  eonveised  with  Dr.  Pia< 
gel  on  the  fubjeel  at  Copenhagen  in  1834.  '  * 

t  8ae  tba  paper  beftasiafrnad  to,  Flul.Ttana.»  1836,  parti. 
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when  tlie  origin  of  yubtcrranean  heat  is  considered.  But  I  mav  remark 
here,  that  the  rise  of  ScaiuHnavia  has  naturally  been  regarded  as  3  very 
singular  and  scarcely  credilile  phenumenon,  beenusc  wo  region  on  the 
globe  has  been  more  free  wiihiu  ibi;  times  of  authentic  liisiory  from  vio- 
lent earthquakes.  In  common,  indeed,  with  our  own  island,  and  with 
almost  erery  spot  on  the  globe,  some  movements  have  been,  at  differanl 
periods,  experienced,  both  in  Norway  and  Sweden.  But  some  of  thete» 
ti  for  example  during  the  liebon  eerihqoeke  in  17M»  Mj  hivm  beM 
mere  vibraiioM  ef  the  einh*e  erust  prolonged  from  a  gml  diatance. 
Oihefe,  however,  have  been  suffieieatly  local  to  indieeie  e  eenee  of 
torbanoe  immediatdl/  vader  the  oaavtt7  itmlf,  NofwIthelUMliBg  dieae 
ahoeke  flcandinavia  haa,  Qpon  the  whole,  been  ea  maqiiil  la  modem 
thiea,  and  aa  free  ftom  aabtefraneaii  eonvelRoiie,  aa  any  leghNi  of  eqoil 
extent  oft  the  globe.  There  ia  alao  aeoiher  eire—ataaee  whieh  bee  atada 
the  ohange  of  level  la  Sweden  appear  anooMlone,  and  haa  Ibr  a  long  tiaM 
aanaed  the  proeCi  of  the  ito  to  be  reoetved  with  lofaietaiiee.  Yokanie 
action,  aa  we  have  aeen,  ia  oeaaDf  iatennineaft:  and  the  varialSoaa  of 
level  to  which  it  haa  given  rice  have  taken  place  by  starts,  not  by  a  pro- 
longed and  insensible  movement  similar  to  that  experienced  in  Sweden. 

Yet,  when  s\c  arc  once  assured  of  the  reality  of  the  gradual  rise  of  a 
large  region,  it  eiuililcs  us  to  account  for  many  geological  appearances 
otherwise  very  ilitiicult  of  exphitiaiion.  There  are  large  continental 
tracts  and  high  table  lauds  \s  here  the  strata  are  nearly  horizonia!,  bearing 
no  mnrks  of  having  i)('en  thrown  up  by  violent  ron viilsions,  nor  hv  n  series 
of  movements,  sucii  a'n  those  whieh  occur  in  the  Andes,  and  cause  the 
earth  to  be  rent  open,  and  raised  or  depressed  from  time  to  time,  while 
large  maascs  are  engulfed  in  subterranean  eavitica.  The  resolt  of  n  iui  iia 
of  such  earthquakes  might  be  to  prodace  in  a  great  lapse  of  agea  •  een> 
try  of  shattered,  inclined,  and  perhaps  vertical  stnla.  But  a  moveMBIt 
like  that  of  Scandinavia  would  cause  the  bed  of  the  sea,  and  all  the  strata 
recently  formed  in  it,  to  be  upheaved  ao  gradually,  that  it  would  mmtkf 
eeem  aa  if  the  ocean  had  fcnaerly  etood  at  a  liighar  level,  and  had  elowlf 
and  tmqotllj  annk  down  into  ita  preeant  bed. 

The  fbct  alao  of  a  veiy  gndnal  and  hiaenilbla  elevalioii  of  land  mty 
explaia  many  geological  nraminienti  of  dMradatioiit  on  a  gi—d  oada* 
If,  for  ezamidc,  inalead  of  the  hard  granltio  foeka  of  Nofwaj  aad  l»woda»i 
ahnrgopertof  the  bed  of  the  Adantl^,  coneMng  chMjof  aoftotala, 
should  rise  ap,  ccntaiy  after  cenlary,  el  Ae  rale  of  abonl  half  on  inch,  or 
an  inch,  in  a  year,  how  easily  might  oceanic  currents,  such  as  those  de- 
scribed in  ifie  sixth  chapter,  sweep  a\\ay  llie  thin  lihn  of  raaltcr  thus 
brought  up  annually  withiii  the  spherti  of  aiiuoous  denudation!  The 
tract,  when  it  finally  emerged,  might  present  tabic  land?  and  ridges  of 
horizontal  strata,  with  interveoing  vaUeye  and  vast  f  iaius,  where  Qugi- 
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nally,  and  dunog  lis  pt^rioti  of  submergence,  the  siuiace  was  level  smi 

nearly  uuirorin. 

These  ^ipeculations  relate  u>  superficial  changes;  bot  others  must  be 
Gonlinually  in  progress  iii  the  subterranean  regions.  The  foundations  of 
ihe  roiuiuy,  thus  gradually  uptilied  lu  Sweden,  must  be  undergoing  im- 
portant modifications.  Whether  \vc  ascribe  these  to  tlie  expansion  of 
solid  matter  by  continually  incraasing  heat,  or  to  tlie  iiqaelaDtaiOii  of  tmk^ 
«t^t(l  ihe  cryatalltzstion  of  a  dense  fl  .ii  1,  or  the  ■oflamulation  of  pea^Qp 
gmmt  in  whmiever  oonjeemres  wc  indulg#^  we  can  never  doubt  for  a 
neoti  that  at  ■ome  unknown  depth  the  structore  of  Ihe  globe  ie  in  ear 
own  iMMt  becoming  changed  from  day  to  day,  throoghoat  a  epaoe  pinba- 
ftly  aMM  lhaa  a  thooeand  miles  in  length*  and  eeveial  hundinMbbieadih. 


CHAPTER  XVIII. 

OAUflKf  OV  SAKTnaUAXES  AND  irOLCANOe. 

Intimnle  connerion  betw^f»^»n  thi»  canses  r>f  volcano^  nnd  earthquakes — Snppcwed 
original  state  of  fusion  ot  tiie  planet — Umversnl  tiuidity  not  proved  hj  spheroidal 
fiptire  of  the  earth — Heat  in  mines  increasing  with  the  depth  (p.  452.; — Objections 
to  the  supposed  intense  I^at  of  &  central  fluid — Whether  chemical  changes  may 
piodnee  Tolcsnitt  best  (p.  456.)— Cumnts  of  electricit  j  eiroolatiiig  in  the  eaitii's 

*  ernsl— Theoiy  of  aa  naosidaled  mstaUio  nneleas  (p.  400.)— The  awiallie  oildas 
when  haitsi  nay  be  dsoildatsd  by  bydrogea. 

It  will  baldly  be  qneelioned*  lAer  the  deecripition  befom  given  of  the 
phenomena  of  ^ar thqnakee  and  voleanoe,  that  both  of  thaee  agwMe  hnfn» 
to  a  certain  extentt  a- common  origin;  and  I  may  now«  tbeiefofOp  prooeed 
to  Inqnlio  into  their  pfobable  ceaeee.  Bat  fiiat,  it  may  be  weU  to  leeapitn* 
late  eome  of  theee  points  of  relation  and  analogy  wbiefa  lead  natorally  to 
the  eondusion,  that  they  spring  from  a  common  sonree. 

The  regions  convulsed  by  violent  earthquakes  include  within  them  the  t 
site  oi  ail  tiie  active  volcaiios.    Kaiiiiquakes,  soinelunes  local,  sometimes  ' 
extending  over  vast  areas,  olten  precede  volcanic  erupiions.    'I'he  sub-  '^<. 
tcrraiieaii  moveuunt  and  tlie  eruption  return  again  and  again,  at  irrci^ular 
intervals  uf  tiinfi,  and  with  unequal  do<,^rfes  of  force,  to  the  same  spots. 
The  acitun  of  eiilier  may  coiilmue  lor  a  lew  hours,  or  for  several  con.scou- 
tive  years.    Paroxysmal  convulsions  are  usually  followed,  m  both  cases, 
by  loog  periods  of  tranquillity*  Thermai and  mioend springs  are  abondent 
Vol.  L— 3  G 
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in  conntriei  of  earthquskes  Mid  9&AfB  nAmmmu    Ludf ,  hti  tpriogi 

i^uuHttiJ  in  (liitricU  considerably  distant  from  volcanic  vf^nts  have  been 
observed  lo  have  their  temptTdture  suddenly  raised,  ami  ihe  volume  of 
their  Wilier  auginenteci,  by  f>ubierraneati  inuvetiieuiir. 

Ail  ihpse  appearances  are  evidently  more  or  less  connected  wnli  the 
passif^^e  oi  heal  from  the  mtcviitr  ui'  ilie  imi  lI)  ti)  the  .surlace;  and  where 
there  itre  arti\e  volcanos,  ihcre  must  extst,  some  unknown  depth  be- 
low, enormous  masses  of  mailer  intensely  heated,  an  l,  in  mnny  jn«ifincep, 
in  a  constant  state  of  fttuoA.  We  have  firsit  thtn>  to  inquire,  wheuce  w 
4u8  heat  derived  I 

U  has  long  been  a  ftfomil*  oenjectaie,  thai  tlw  whal»  af  our  plaiiei 
waa  affiiiaaUy  in  a  itale  of  igneous  fusioOv  aad  thai  tba  oantral  paru  atal 
retain  a  great  portion  of  their  primitive  heal*  Soma  have  imagined,  widi 
tha  lata  Sir  W.  lIaiaohal»  that  the  alamMtaij  aiatlar  of  tha  earth  mmj 
have  been  fiist  m  a  gaiaoaa  atale»  raaambltng  thoaa  uMtm  which  we  h^ 
hold  in  the  heafona*  and  whieh  aio  of  diieniiinM  ao  vaat,  that  ooaM  of 
them  woald  fill  the  orbita  of  the  lemoloet  pboete  of  our  ayateai*  It  ii 
ooajectofod  tb«l  aoeb  aVrilbrm  mUer  (for  ui  many  oaaaa  tha  neboloaa 
appearanea  aannot  ha  lefarred  to  cloalaia  of  veiy  dialaat  atars),  if  eoneao* 
tnlod,  might  form  aolid  apharea ;  and  otheminnia  imagined  that  the  etot 
talkm  of  haat,  aiiandant  on  eoodoBBalioDt  might  raiaia  the  materiaie  of  the 
new  globes  in  a  atate  of  igneoua  fosiim. 

Without  dwelling  on  such  speculations,  which  can  only  have  a  distant 
bearing  on  geology,  we  may  consider  how  far  the  spin  roidal  form  of  the 
earth  affords  sufficient  gruinid  lor  presuminij;  primitive  ct •million 

was  one  of  universal  fluidity.  The  discusiston  ol  tins  question  would  be 
su]u  rHuous,  were  the  doctrine  of  nriLnnal  fluidity  less  po^iufar;  for  it  may 
wed  l  e  Hsked,  why  the  glnhc  :siiouid  be  t:Uppo>cd  lo  have  Ijnd  a  pristine 
shape  ditierent  irom  the  prtistnl  one  ? — why  the  terrestrial  materials,  wlieo 
first  called  into  existence,  or  assembled  together  in  one  place,  should  not 
have  been  subjeci  to  rotation,  so  as  to  assume  at  oace  that  form  whioh 
abae  could  folain  their  aeveral  parte  in  a  sute  of  Ofailibnomt 

Left  iia»  howof  er»  concede  that  the  liatieal  figmta  maj  be  a  modifteaioB 
of  aomo  olblf  prc-exisiiiig  lbim«  and  eoppoae  te  f/oh^  to  have  beea  al 
iial  a  parfeol  and  qaieecant  aphefo^  eofmed  watlka»  anifeim  oaena  whei 
would  happen  when  itwaa  nmde  totommndon  im  aiia-wilb  kapwim* 
vdMlgrY  A oantrirafa fiNNe^** aaya «r J* Hefeobal, *« wodd in  that 
eoM  be  gaoMledf  wbaee  genetil  tendeney  wonid  ho  ie  ntfa-tha  wMrei 
eveiy  point  of  the  eoffaoe  lo  made  fvom  the  oarfi.  A  aaimiao  might  fai* 
deed  heaQnotiveda^awia  aa  tofiitt  the  wheie oaaaa faam  ihoenffin^ 
like  waiar  fi<am.ampp^  Bet  thia  wohM>  require  a  foe  gteatarfelocity  thm 
what  wo  now  apeak  ot  In  tha  eiae  eoppoaed^  the  tetigki  of  the  waiea 
would  still  keep  it  on  the  enrth ;  and  the  tendency  to  recede  from  the  axis 
could  only  be  satisfiedc  therefore^  by  the  watec  leaving  tkc  poles,  ami 
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JowiBg  towafdi  Ihe  eqmtDr ;  tbm  leaping  iMfvp  In  m  fidg»«Mid  Mag 
ivliiiMd  kk  oppoaitlon  to  ill  weight  or  natonl  %mianef  towmlf  tlwfMiitn 
bj  Uie  pfgwure  firat  CAmed.  TMt,  howeter,  emild  Mt  tdte  plaoe  with* 

Ml  laying  dry  the  polar  regions,  ao  that  protuberant  land  would  appear 
at  the  poles,  and  a  zone  of  ocean  be  disposed  around  ihe  equator.  'I'tiis 
would  be  the  first  or  immediate  effect.  Let  us  now  see  what  would  aiier- 
wartls  happen,  if  tidncrs  were  aliuwed  to  Lake  their  natviml  course. 

••The  iea  is  coiisunlly  beating  on  the  land,  griiulni!;  ii  down,  and 
scattering  its  worn-off  particU  s  and  fragment?,  m  tlic  suitn  of  9imk\  nnd 
pebbles,  over  iff  bf»d.  Geoh'iriral  facts  afford  nlnitidniil  prodt'  lhal  iho 
exi'sting  continents  have  ail  ol  them  undergone  this  process,  even  more 
ilian  once,  and  been  entirely  torn  in  fragmentSt  or  reduced  to  powder, 
and  submerged  and  reeonatmeted*  Land,  in  this  view  of  the  aabjaeti 
iDtM  its  attribute  of  fixity.  As  a  mass  it  might  hold  logellier  io  opposi- 
iMm  to  loms  whioh  the  water  freely  obeys  ;  but  in  its  state  of  fiieoeaaivo 
or  afnittltaneous  degradation,  when  diaveminated  through  the  water,  in 
die  ettile  of  aand  or  mnd,  H  ia  anbjeel  to  all  the  Impulse  of  that  fluid.  la 
the  lapse  of  time,  then*  tlie  promberant  land  woald  be  deatroyed,'  and 
oter  the  bottom  of  the  ocean,  fitting  np  Ihe  loirer  parte,  and  tend- 
ing eoniinanll  J  lo  re-model  the  enrfiiee  of  the  eoltd  nuelena.  In  eormpon- 
dence  with  theybrm  of  eqtMfium*  Thne,  after  n  enlBetenI  lapae  of  time, 
in  the  eaee  of  an  eaith  in  rotation,  the  polar  protoberaneea  would  gradually 
be  out  down  end  disappear,  being  traneferred  to  Hie  eqnalor  (aa  bohig 
Hm  the  dmpHi  t fa),  tiO  the  earth  wooM  aatume  by  degreee  the  Ibrm  wo 
observe  it  to  have — that  of  a  flattened  or  obtate  ellipsoid. 

We  are  far  from  meaning  here  to  trace  the  process  by  which  iho 
earth  really  assumed  its  actual  ftnm  ;  all  w  e  intend  is  lo  sfiow  that  this  is 
the  form  to  which,  under  a  condition  of  a  roialvn  on  its  im^,  it  must  tend^ 
aiiil  whf -!i  it  attain  even  if  originally  and  ^so  to  speaicj  perverse!/ 

COn-Uh:led  oilierwiso.'** 

In  this  passage,  the  author  has  contemplated  the  snperlicial  effects  of 
aqueous  causes  only  ;  he  might  have  added  that  every  stream  of  lava  which 
flowed  out  of  a  volcano  would  be  impelled,  in  a  alight  degree,  towards  the 
equatorial  regions,  in  obedienee  lo  the  eame  power ;  and  if  the  volcanio 
action  ehoold  extend  to  great  depths,  so  as  to  melt,  one  after  another, 
diflerent  parte  of  the  earth,  the  whole  interior  might  at  length  be  remodelled 
nnder  the  inflnenee  of  aimilar  ofaangee,  doe  lo  eaoaee  which  may  all  bo 
operating  nt  Ihie  Mment.  The  etalioal  figure,  therefore,  of  the  tonnelriil 
epheioid  (of  which  the  hmgeet  diemeter  exeeede  die  ehorteat  by  eboot 
fwenlj-fivo  milee),  may  have  btkn  Ihe  feenll  of  gradual  and  oven  of  exiet* 
ing  caneee,  and  not  of  a  primitive,  nnlveraal,  and  eimnllanooue  floidify* 

Experimenti  mode  with  iho  pettdnhim,aad  obeervatiooaon  Ihemaner 

*  Httsdiel's  Astroooajf  ehsfu  iii. 
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in  whieh  the  etrth  tttndt  the  moon,  have  shown  itU  our  phaot  k  mot 

an  empty  sphere,  but  that  it  must  rather  increase  in  density  from  the  wm* 
face  towards  the  centre  ;  and  it  has  also  been  inferred  that  the  equatorial 
protuberance  is  continued  inwards,  that  is  lo  say,  tiiat  layers  uf  equal 
density  are  arranged  elliptically,  and  symmetrically,  from  the  exterior  lo 
the  centre.  'I'lic  inequalities,  however,  in  the  mdon's  motion,  on  \%'hich 
tills  opinion  IS  founded,  are  so  extremely  alight,  that  it  caa  be  regarded  as 
little  more  than  a  probable  conjecture. 

The  mean  density  of  the  earth  has  been  computed  by  Laplace  to  be 
about  6it  or  more  than  five  timea  that  of  water.  Now  the  specific  gravity 
of  many  of  our  rocks  is  from  2|  to  3,  and  ihe  greater  part  of  the  metals 
range  between  thai  density  and  21.  Hence  some  have  imagined  that  the 
terrestrial  nucleus  may  be  metallio-^that  it  may  corresponds  ibrezamplOt 
with  the  specific  gravity  of  iron,  whieh  is  about  7.  But  here  a  curious 
question  arises  in  xegaid  to  the  form  which  materials,  whether  fluid  or 
solidt  might  assomSf  if  subjeeted  to  the  enormous  pressure  wliieh  must 
obtain  at  the  earth's  eentre.  Water,  if  it  eontinned  to  decrease  in  ▼olume 
aoeording  to  the  rate  of  compressibility  deduced  from  experiment,  would 
have  its  density  doubled  at  the  depth  of  ninety*three  miles,  and  be  as 
heavy  as  mercury  at  the  depth  of  802  miles.  Dr.  Young  computed  that, 
at  the  earth's  eentre,  steel  would  be  compressed  into  one-fourth,  and  stone 
into  one-eighth  of  its  bulk.*  It  is  more  than  probable,  however,  that  after 
a  certain  degree  of  condensation,  the  compreisiiibiiity  of  bodies  may  be 
governed  by  laws  altogether  different  from  those  which  we  can  put  to  the 
test  of  experiment ;  but  the  limit  is  still  undetermined,  and  the  subject  is 
involved  in  such  obscurity,  that  we  cannot  wonder  at  the  variety  of  notions 
•which  have  been  entertained  respecting^  the  nature  and  condili«»ns  of  the 
central  nucleus.  Some  have  conceived  it  to  be  duid,  others  solid  ;  some 
have  imagined  it  to  have  a  cavernous  structure,  and  have  even  endeavoured 
to  confirm  this  opinion  by  appealing  to  observed  irregularitiee  in  the  vi- 
brations of  the  pendulum  in  certain  countries. 

Cmiral  ifea/.-^The  hypothesis  of  internal  fluidity  calls  for  the  more 
attentive  consideralion,  as  it  has  been  found  that  the  heat  in  minee  anf« 
ments.  in  proportion  as  we  descend*  Observations  have  been  made,  not 
only  on  the  temperance  of  the  air  in  minee,  but  on  that  of  the  rocks,  and 
oa  Ihe  water  issuing  from  them.  The  mean  rate  of  inoreass,  calcnlaled 
fnm  results  obtamed  in  six  of  the  deepest  coal  mUee  in  Durban  and 
Northnmbedend,  ia  1^  Fahr.  Ibr  a  descent  of  forty^four  Engpsb  faet.t 
A  secies  of  observatiensy  made  in  seveial  of  4ie  principal  lead  and  silver 
mines  in  Saxony,  gave  1**  Fabr.  ibr  every  sixty-five  leek  In  tbie  ease, 

*  ToOBg's  Leetaoes,  and  Mn.  S«iamiIlB*s  Ooonezfon  ef  the  Fhyncal  Bcienees, 

p.  90. 

1  Cd.  Jouxoai  of  Sci.,  April,  lb32. 
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the  bulb  of  the  thermometer  was  introduced  into  cavities  purposely  cot  in 
the  solid  rock  at  depths  varying  Irnni  two  hundred  to  above  nine  hundred 
feet.  But  in  other  mines  of  ttic  snme  country,  it  was  necessary  to 
descend  thrire  a?  far  for  each  degree  ot  leni  perature.* 

A  thermometer  was  fixed  in  the  rock  of  li^ie  Dolcoath  mine,  in  Coni- 
waU»  by  Mr.  Fox,  at  the  great  depth  of  1380  feet,  and  frequently  observed 
daring  eighteen  months ;  the  mean  tempentoie  was  68°  Fahr.t  thai  of 
the  enrface  being  60*^,  which  givei  1^  for  every  eeventy-five  feet. 

Kupffer,  after  an  extensive  comparison  of  the  reralte  in  different  coun- 
triee,  makes  the  increase  1^  F.  for  about  every  thirty-eeven  English  ^t;t 
and  Cordier  coneideis  that  il  wonld  not  be  oventated  at  V  Cent  for  every 
twenty-five  metrei,  or  about  1^  F.  for  every  forty-five  feet4 

Some  writers  have  endeavoured  to  refer  theee  phenomena  (which, 
however  diacordant  as  to  the  ratio  of  tncreaeing  heat,  appear  all  to  point 
one  way),  to  the  condensation  of  air  conatantly  deeceDdiug  from  the  aur* 
lace  into  the  mines.  For  the  air  under  preaaure  would  give  out  latent 
heat,  on  the  same  principle  ^aa  it  becomes  colder  when  rarified  In  the 
higher  regions  of  the  atmosphere.  But  besides  that  the  quantity  of  heat 
is  greater  than  could  be  supposed  to  flow  from  this  source,  llie  argument 
has  l;ecn  answer)  d  in  a  satisfactory  manner  by  Mr.  Fox,  wlioliaf?  shown, 
iliciL  111  the  iiiiiies  of  Cornwall  the  ascending  have  generally  a  higher 
temperature  than  the  descending  ai'rial  currents.  The  difference  between 
them  was  fouiid  to  vary  from  9°  to  17"^  Fahr.  :  a  proof,  thai  iru-tcad  of 
imparting  heat,  these  currents  actually  carry  ofi'  a  large  quantity  from  the 
mines.§ 

If  we  adopt  M.  Cordier's  estimate  of  1"  Fahr.  for  every  45  feel  of 
depth  as  the  mean  result,  and  assume,  with  the  advocates  of  central 
fluidity,  that  the  increasing  temperature  is  continued  downwards,  we 
should  reach  the  ordinary  boiling  point  of  water  at  about  two  miles  below 
the  surface,  and  at  the  deptli  of  about  twenty-four  miles  should  arrive  at 
the  mating  point  of  iron,  a  heat  sufficient  to  fuse  almost  every  known 
substance.  The  temperature  of  melted  iron  was  estimated  at  21,000*' 
Fahr.  hy  Wedgwood ;  but  his  pyrometer  gives,  as  is  now  demonstrated, 
very  erroneous  results.  It  has  been  ascertained  by  Professor  Daniell, 
that  the  point  effusion  is  1^766^  Fahr.O 

*  Cordier,  M^m.  de  ITnstit.,  torn.  rii.         t  Po^.  Ann.  torn.  zr.  p.  159. 

i  Cordier,  Mem.  de  I'lnBtit.,  torn.  vii.  §  Phil.  Mag.  and  Ann.,  Feb.  IS30. 

\\  The  heat  wns  measured  in  Wedgwood's  pyrometer  by  the  contraction  of  pure 
clay,  which  is  reduced  in  volume  wlien  heated,  first  by  the  loss  of  its  water  of  com- 
bijiAtion,  and  ailerwaj-ds  on  the  application  of  more  inteudu  heat,  by  incipient  vitnii- 
cttion.  The  expwuion  of  plaUna  is  the  test  employed  by  Bfr.  Daniell,  ia  his  py  rome* 
tet ,  and  this  has  been  fbund  to  yield  untlbrai  and  coasutent  results,  such  as  are  in 
perlbot  hannony  with  conchisions  dnwn  Ironi  various  other  iodppendent  souroes. 
The  instrument  for  which  the  author  rt  roived  the  Rumford  Medal  from  the  Rojsl 
Bonbtf  ia  1633,  is  describsd  in  lbs  FhU.  Tnuw.  im,  peri  ii.,  sad  1331 ,  pvrt  u. 
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B7  adopting  the  least  cornel  of  thete  two  feeolte  the  mellinif  point  of 

our  ordinary  rocks  wovid  be  farther  removed  from  the  surface;  hot  this 

Uiflereiice  does  not  aflect  the  probability  of  the  theory  now  under  con* 
sideration.  According  to  Mr.  Daniell's  scale,  wo  ought  to  encounter  the 
inlernal  melted  matter  before  penetrating  ihrough  a  thickness  represented 
by  that  ot  liie  outer  circular  line  in  the  annexed  diagram  (Fig.  59.)  i 


Fig.  69. 


Section  of  the  earth  in  which  the  hrr/rfffh  nf  thf  otrtrr  hmrnfffrrtf  ftnr  rfjyrr.n^nts  O  thick' 

ncss  of  25  vului  <A«  J|MIC6  bUwem  the  drcies  including  tke  treadlh     tk«  (tiie«y200 

miles. 

whereae,  if  the  other  eeale  be  eorreet,  we  should  meet  with  it  at  some 
point  between  the  two  circles  ;  the  space  between  them,  together  with 
the  tines  themselves,  representing  a  crust  of  two  hundred  miles  in  depth. 
In  either  case,  we  must  be  prepared  to  maintain,  that  a  temperature  many 
times  greater  than  thai  sullicienl  to  melt  the  most  refractorv  substances 
known  to  us,  is  sustained  at  the  centre  of  the  globe  ;  wailu  a  coajpara- 
lively  thin  crust,  resting  upon  the  iluid,  remains  unmelted  ;  or  is  even, 
according  to  M.  Conlier,  increasing  ni  ihickness,  by  the  continual  addi- 
tion of  new  internal  layers  solidified  durini:  tho  [  rocess  of  refrigeration. 

The  mathemaliral  calculations  ol  Fourier,  on  the  passage  of  heat 
through  conducting  bodies,  have  been  since  appealed  to  in  support  of 
these  viewri ;  for  ho  has  shown  that  it  is  compatible  with  theory  that  the 
present  temperature  of  the  surfiiee  might  coexist  with  an  intense  heat,  at 
a  certain  depth  below.   But  his  reaaoning  seems  to  be  confined  to  the 
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eonduction  of  heat  through  soUd  bodies  i  and  the  conditions  of  the  pro- 
blem are  wholly  altered  when  we  reafon  about  a  floid  nucleus,  as  we 
must  dot  if  it  be  aesomed  thai  the  heat  augments  from  the  surface  to  the 
interior,  according  to  the  rate  obierved  in  mines.  For  when  the  beat  of 
the  lower  portion  of  a  fluid  la  increased,  a  circulation  begins  thoughoot 
the  mass,  by  the  ascent  of  hotter,  and  the  deseeni  of  colder  currents. 
And  this  eireolation,  which  is  qnile  distinct  from  the  mode  in  which  heat 
is  proi)agaied  through  solid  bodies,  must  evidently  occur  in  the  supposed 
central  ocean.  If  the  laws  of  fluids  and  of  heat  aie  the  same  there  as  upon 
the  surface. 

In  Mr.  Dameirs  recent  experiments  for  obtaining  a  measure  of  the  heat 

of  bodies,  at  their  poiiil  of  fusion,  he  invariably  found  that  it  was  impos- 
sible lo  raise  the  heal  of  a  large  crucible  of  melted  iron,  gold,  or  silver, 
a  single  det^ree  beyond  the  melting  point,  so  lonir  as  a  bar  of  the  respec- 
tive metals  was  kept  immersed  \u  ilie  fluid  portions.  So  in  rejjard  to 
Other  substances,  however  great  the  quanliUes  fii^cil.  their  irmpf  rniure 
could  not  be  raised  while  any  solid  pieces  immersed  in  them  remained 
unmelted  ;  every  accession  of  heat  being  instantly  absorbed  during 
their  liquefaction.  These  results  are,  in  fact,  no  more  than  the  exten- 
sion of  a  principle  previously  established,  that  so  long  as  a  fragment  of 
Ice  remains  in  water,  we  cannot  raise  the  temperature  of  the  water  above 

If,  then,  the  heat  of  the  earth*s  centre  amount  to  450,000^  F.,  as  M. 
Cordter  deems  highly  probable,  that  is  to  say,  about  twenty  limes  the  heat 
of  melted  iron,  even  according  to  Wedgwood's  scale,  and  upwards  of  160 
times  according  to  the  improved  pyrometer.  It  is  clear  that  the  upper 
parts  of  the  floid  mass  could  not  long  have  a  temperature  only  just  8uffi« 
cient  to  melt  roeks.  There  most  be  a  continual  tendency  towards  a  uni* 
form  heat ;  and  until  this  were  accomplished,  by  the  interchange  of  portions 
of  fluid  of  diflhrent  densities,  the  surface  could  not  begin  to  consolidate. 
Nor,  on  the  hypothesis  of  primitive  flnidity,  can  we  conceive  any  crust  to 
have  been  formed  until  the  tchok  planet  hud  euuled  down  to  about  the 
leniperalure  of  ineipif  ii i  fusion. 

It  cannot  be  ohjecied  lliat  hydrostatic  pressu  re  w  ould  prevent  a  tendency 
to  equalizauon  of  temperature;  for,  as  far  as  observations  have  vet  been 
made,  it  is  f<»nnd  that  the  waters  of  deep  lakes  and  sens  nrc  n;r)\erned  by 
the  same  laws  as  a  shallow  pool;  and  no  rxpcDnuMits  indicate  thai  solids 
resist  fusion  uiuier  high  pressure.  The  arguments,  indeed,  now  con* 
troverted,  always  proceed  on  the  admission  that  the  internal  nucleus  is  In  « 
a  stale  of  fusion. 

It  may  be  said  that  we  may  stand  upon  the  hardened  surface  of  a  lava 
current  white  it  is  still  in  motion, — nay,  may  descend  into  the  crater  of 
Vesuvius  after  an  eruption,  and  stand  on  the  scoria  while  every  crevice 
shows  that  the  rock  is  red-hot  two  or  three  feet  below  os ;  and  at  a  somo> 
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what  greater  depth,  all  la,  perhtpt*  in  a  ^te  of  fonon.   May  not,  ili8n»m 

much  more  intense  heat  be  expeeted  at  the  depth  of  several  hundred  yards, 
or  miles  ?  I'lic  answer  is, — that,  until  a  great  quantity  of  heat  has  been 
given  off,  either  by  the  emission  ul  liiva,  or  in  a  iaiciit  lurm  by  the  evolu- 
tion of  steam  and  gas,  the  melted  matter  continues  to  boil  in  the  crater  of 
a  volcano.  But  ebullition  ceases  wlien  there  is  no  longer  a  sufiicieut 
supply  of  heat  from  below,  and  then  a  crust  of  lava  may  form  on  \he  top, 
and  showers  of  scorirc  may  llien  deacend  upon  iIk;  surface,  ami  remain 
unmelted.  If  tlie  internal  heat  he  raised  again,  ebullition  will  rccom- 
menee»  and  iood  fuse  the  superficial  crust.  So  in  the  case  of  the  moving 
current,  we  may  aafely  assume  that  no  part  of  the  liqaid  beneath  the 
hardened  surface  i«  mnch  above  the  lempeiaUire  aufficient  to  retain  Uina 
•late  of  fluidity. 

It  may  aaaist  us  in  fonning  a  clearer  view  of  the  doctrine  now  contro- 
verted, if  we  consider  what  would  happen  were  a  gHobe  of  hooMfmieooi 
composition  piaeed  under  ciicnmstanoea  analofoua«  in  ngud  to  tbn  die- 
tribntion  of  heat,  to  thoee  above  staled*  If  the  whole  plaoes*  for  esmpH 
were  eonpoied  of  wafer  covered  with  a  apheroidal  emet  of  ioe  fiflj  niilee 
thieki  and  with  an  interior  ocean  havin|;  a  central  hem  abont  two  handred 
timcf  that  of  the  melting  point  of  iee»  or  6400**  F. ;  and  li,  between  the 
■orface  and  the  centre,  there  was  every  intermediate  degree  of  tempm- 
ture  between  that  of  melting  ice  and  that  of  the  central  nucleus eoold 
such  a  slate  of  things  last  for  a  moment  ?  If  it  must  be  conceded,  in  this 
case,  ilial  ilie  whole  spheroid  would  be  in^iaiuly  ui  a  slate  of  violent  ebulli- 
tion, that  ihc  ice  (instead  of  beiug  strengthened  annually  by  new  internal  lay- 
ers) would  soon  melt,  and  form  part  of  an  atmosphere  of  steam — on  what 
principle  can  it  be  luaiiit  rnu'd  that  analog(»us  uin  rts  would  not  iollow.  in 
regard  lo  the  earth,  under  the  cotulitioos  wumcd  in  the  theory  of  ceoical 
heat? 

M.  Cordier  admits  that  there  most  be  tides  in  the  internal  melted  oceans 
but  their  effect,  he  sayi*  has  become  feeble,  although  originaUyt  when  the 
fluidity  of  the  globe  was  perfect,  the  rise  and  fatt  of  Uiean  aneiesllaMl 
tides  could  not  have  been  less  than  from  thirteen  to  tislaen  feeu  Now 
grantingt  for  a  moment,  that  these  tid^s  have  become  so  fimhla  ae  to  be 
incapable  of  UiUog  up  every  mx  houia  tho  fiseured  ihoU  of  i|m  wtb*  my 
we  not  ask  whether»  during  erapitoBa«  jela  of  lava  911^  lo  be  thsown 
up  from  the  craleie  of  volcanoi,  when  the  tadoa  liie!  and  whether  tho 
aame  phenomena  would  not  be  coaepicuooa  in  Qfonboliy  when  ihera  ii 
alwaye  lava  boiling  in  the  crater  I  Ought  not  the  flnidt  if  conneetod  with 
the  interior  ocean,  to  disappearenlueiy  on  the  ebbing  of  ite  tideef 

Whether  chemical chtrngtu  may  produce  volcanic  heat. — Having  now  ex- 
plained the  reasons  which  have  induced  me  to  question  the  hypothesis  of 
ceiiiral  Ij^mI  ast  die  pirnui y  .'■ourcc  of  volcanic  action,  il  rcrnauii;  lo  cotisulLf 

what iia^  been  termed     ciieuiicai  theory  oi  vgioinus.  iiis  weU  known  Uiat 
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liianv,  pcrhnps  all,  of  the  substances  of  which  the  earth  is  composed  are 
coniiiiualiy  undergoing'  chemical  chans^eg.  To  what  depth  these  pro- 
cesses may  be  continued  downwards  must,  in  a  great  degree,  be  matter 
of  conjecture ;  but  there  is  no  reason  to  suspect  that,  if  we  could  descend 
to  a  great  distance  from  the  surface,  we  should  Aad  •jflicntary  oiihitaiinio 
'  differing  essentially  from  thoM  with  which  we  m  ■wqBMBlid. 

Playfiur  Im,  uuleed,  attempted  to  dadoecy  fimtt  n  ohiwtPrtlua  of  Pit* 
kf,  tiMl  w  m»  by  Hw  aid  of  jgmtogff  tm,  aa  Hutre*  into  ilw  iunmlm 
uhwwa  thirty  mOm  or  imii  for  Paliai  bad  dosoribodt  in  tho  ponjiaaalft 
*orTniiio,aMritiofi««MMt«i  » i^gular  m  Oo  leafot  of  o  Vook»  fan 
«iMd  oi  aa  aogk  af  dO**  to  tha  boiim«  aad  aipua«d  fa  a  oostiinNma  aeo- 
llaa  ^g)itj-m  Eo^idi  nilaa  lomg.  Tha  haigbt  of  Ika  tango  of  hilla 
Mwiiiiiwl  of  lhaaa  atwta  doea  not  awiiid  twaho  Imadfod  fcaf ;  batifwa 
liiiiri  tha  ihiatiwai  af  iha  attrtMad  Mtit  by  »  Hna  patpandiaalar  to  Hi 
HwiatoaiioBt  tba  height  of  iba  apyawwat  bad  above  Ibo  uadonooat  mm 
ba«o  bean  origiaally  more  than  sixty  miles  ;  and,  even  allowing,  says 
Playfair,  that  the  strata  had  shifted  during  their  elevation,  we  may  siill 
suppose  ;i  liiickness  of  thirty  miles.  But,  if  a  deception  lu  the  extent  of 
one-hall  iti  allowed  for,  on  the  score  ol  shifting,  it  may  well  be  asked  why 
the  same  cause  uught  not  have  produced  a  much  greater  aniouiu  oi  error? 
I  shrdl  poiiil  out,  in  aiiollu  r  plaro,  thai,  besides  the  [irohahiliiy  of  a  shiftf- 
ing  ol'  iho  !)pds  dtirinL''  cU-vaiion,  tljere  may  al^o  have  boon  an  original 
deviation  from  honzontality  in  ti^e  strata,  which  might  cause  them  to 
assume  the  appearance  of  having  be^n  deposited  in  an  ocean  many  leagues 
in  depth,  when,  in  fact,  they  mi^  have  baan  aoomaalatad  in  a  aaa  only  m 
few  hundred  ihthoaa  daap»* 

Neverthelan»  ainaa  «a  diseom  is  Montain  chains  strata  thoaaaada 
of  Ibal  thick,  wfaM  moat  baft  boon  Ibrawd  at  tha  bottom  of  ibaaea,  btrt 
am  W9W  lalaed  to  tha  baigfat  of  thna  or  Ibtr  aiQaa  abovoit*  wa  any  tMy 
ifooalrto  oa  tbofifobaUltty  of  iaake»  aach  aa  aro  bow  ok  tha  aartna^  a» 
lithv  at     death  of  aatanl  leanaa  hotoa. 

Wo  aa^  aaxi  laoal  la  md  thai  all  tha  aalid,  Md,  and  gaaaoaa  bodiia 
wIMi  OBler  faMo  tho  caipoaithm  of  the  oaitb»  ooaalat  of  i  vary  aaiall 
aaadm  of  alaaiantary  sabnaaeaa  variously  cooddaed  x  tho  totd  amabar 
of  elementa  at  prosaat  known  la  laaa  tlwi  aix^t  aad  not  half  of  theao 
enter  into  the  composition  of  the  more  abundant  inorganie  prodnctions. 

Some  portions  ol  llic  cunipouiuU  above  alluded  lo  are  daily  resolved 
into  their  elements ;  and  these,  on  being  set  free,  are  always  p  issing 
into  new  combinations.  These  jirocesses  arc  by  no  means  coiillned  to 
tli'j  j^tirface,  and  are  nlmost  always  accompanied  by  the  evolution  of 
lu  III.  wliicb  is  ialeiise  in  proportion  lo  the  rapidity  of  the  COOlbinatioiiS, 

At  the  same  tiaiet  there  is  a  deveiopmeot  of  eiectriciiy. 

*  Jiashlf.flbay^ili. 
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It  is  well  known  that  mix  lures  of  sulphur  and  iron,  sunk  in  the  ground, 
and  exposed  to  moisture,  give  out  suflii  icat  heat  to  pass  graduully  into  a 
slate  of  combustion,  and  lo  set  fire  to  any  bodies  that  are  near.  The  fol- 
lowinif  experiment  was  first  made  by  Lt  rnery: — Let  a  large  qtianlity  of 
clean  iron  fjliui^s  be  mixed  with  a  still  larger  proportion  of  f?nl[>hur,  and 
as  much  water  as  is  necessary  to  make  them  into  a  lirm  paste.  Let  tho 
mixture  be  then  buried  in  the  earth,  and  the  soil  pressed  down  firmly 
Upon  it*  In  a  few  boom  it  will  grow  warm,  tad  sveil  so  as  to  raise  ihm 
gnrandi  milpharoiii  vqHHirt  will  anaiM  ttwir  wtj  through  Hi»  creviees* 
and  sometimes  flames  appear.  There  is  rarely  en  explosion;  batt  whflD 
this  happens,  the  fire  is  vivid,  and,  if  the  quantity  of  maleriele  is  eo^ 
ttderable,  the  heat  and  fiie  both  continue  for  a  kiog  Ume.* 

The  eponbaeeiia  oomhustioii  of  bade  of  biluiiaoQi  abale^  and  of  iiAHe 
eoal  ihiown  eat  of  mtnea,  ia  alao  geoMllf  doe  to  ihm  daeompoaitkMi  of 
pyrilaa;  and  U  ia  the  eonlael  of  waler,  not  of  alr»  whSah  bringa  about  tho 
ehaoge.  ▲  amooldariaf  beat  naalia  ijon  tho  failai]o.iiow  oombiMtioMt 
vhioh  immodiataly  tike  plaee  when  tlie  aalpbor  aad  othar  ■abataaeaa  aio 
.  aat  firao.  fiinular  ofbata  are  oAen  piodnead  in  aunaa  when  no  ooalf 
maHer  k  pteaantv  whon  wbatanaeaoafnbioof  bahigdacoMpoaadby  water 
are  heaped  together. 

On  what  principle  heat  is  generated,  vvlieii  tw  o  or  more  l>odies  having 
a  strong  ailiuuy  for  each  other  unite  suddenly,  is  wholly  unexplained; 
but  it  is  a  singular  fact  that,  while  chemical  combination  causes  heat,  the 
disunion  of  elements  does  not  produce  the  opposite  effect,  or  a  corres- 
ponding degree  of  cold.  It  mny  he  said  that  decomposition  is  usuallr 
broujiht  abont  hv  the  combuialioa  ul  one  or  more  of  the  elements  with  a 
new  substance,  and  this  concomitant  agency  might  be  supposed  to  nea- 
tfaiizQ  or  counterbalance  any  frigorifio  efieela  whieh  might  otherwise  be 
aaoaible<  But  this  explanation  is,  in  many  cases,  wholly  inapplicable ; 
aa*  for  example,  when  the  voltaic  pile  ia  need  for  deaomposition,  or  in  the 
more  striking  inatanee  of  the  well-known  detonating  powder,  the  iodine 
of  ttttngan,  which  cxplodoi  with  violanao  ia  the  open  air*  tho  jnatnat  It 
la  tonshed  by  a  eoid  anbMaaao.  The  two  ■inwinli  inio  whiah  thia  binaiy 
oampoond  ta  leaolved  ily  off  in  n  gaaeona  fcm,  and  do  nol  unite  wi0i 
any  other  body,  the  iodine  liaing  in  a  ptvpio  fi^onr^  while  tho  nimgen 
may  be  ooHoaled  aapaiataly*  Tot  aaddan  na  ia  the  pmaeaa  by  vhiih 
tbair  onion  ia  broken,  we  find  that  Ikwt  and  light,  inataad  of  cold,  are 
gmaratad^ 

BkttfUiijf  m  mutt  ^  ooiBanlc  hmi.  It  haa  already  been  alatod,  that 
ehemieal  ahangaa  dof^pe  ekotrietty;  which,  in  ita  tnm,  becomes  a 

powerful  disturbing  cause.  As  a  chemical  agent,  says  Davy,  its  silent 
and  slow  operation  in  tixc  economy  of  nature  m  mucli  more  impomui 

*  Danhaoy's  VoiflaaaSi  p.  866. 
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tinB  its  grand  and  impietiive  opentkm  in  Itglitiiiiig  and  thvoder.  It 
may  be  eonsidmd,  not  only  as  diiaetly  prodneing  an  infinite  variety  of 

changes,  but  as  influencing  almoft  all  which  take  place;  it  would  seem, 
indeed,  thai  ciietaical  attracuou  lU^eli  is  only  a  pecuiiur  lurm  ui  llit  exhi- 
bition  u  I  electrical  attraction.* 

Now  that  il  has  been  demonstrated  that  mairnclism  and  electricity  arc 
always  associn!ed»  and  are  perhaps  only  (Unercnt  conditiun^'>  of  ihe  fmne 
power,  ilie  phenomena  of  terrestrial  m:ii,nu  tism  have  become  of  no  ordi- 
nary interest  to  the  geologist.  Soon  alter  tlie  first  great  discoveries  of 
Oersted  m  alectro-niagnatism.  Ampere  auggetted  that  all  the  phenomena 
of  the  magnetic  needle  might  be  explained  by  supposing  currenia  of  elec- 
tricity to  eiccolala  eonatantly  in  the  shell  of  the  globe  in  direetiona  parallel 
to  the  magnetie  equator.  This  theory  baa  acquired  additional  oonaialoncy 
the  ianber  we  have  advaneed  In  aeieBce ;  and  aeeording  to  the  eiperi« 
menla  of  Mr*  Fox,  oa  the  eleem-magnetic  proparttea  of  metaUiferona 
fetoa.  aome  Irm  of  eketrie  ennenta  aeema  to  have  baea  deteoled  in  the 
iateiior  of  the  a«rth.t 

Some  philoaophera  aacribe  theae  correata  to  the  chemical  action  going  . 
on  in  the  aopericial  parta  of  the  gletM  to  which  air  and  water  have  the 
leadiaat  accaaa ;  while  ocheie  refer  them,  in  pari  at  leaat,  to  thermo-elec- 
tricity excited  by  the  solar  raya  on  the  rarfaoe  of  the  earth  during  ila 
rotation ;  aneceasive  parts  of  the  land  and  sea  being  exposed  to  the  in- 
^uence  of  the  sun,  and  then  cooled  again  in  the  night.  That  this  idea  is 
not  a  mere  spcculaiion,  is  proved  by  ihe  correspondence  of  the  diurnal 
i"ariatious  of  the  magnet  wiUi  liie  apparent  motion  of  the  sua;  and  by 
the  greater  amotmt  of  variation  in  summer  than  ui  winter,  and  during  the 
day  than  in  the  nighu  M.  dc  la  Kive,  although  conceding  ihaL  such 
minor  variations  of  the  needle  may  be  due  to  ihermo-clertricily,  conlcuda 
tliat  the  g{?ncral  plu noinoia  of  terrestrial  mafxnelism  luiit^t  be  ailribulod  to 
currents  far  more  intense ;  which,  tliontrli  lial)le  to  secular  lluciualions, 
act  with  nuirh  <rro;\tpr  constancy  and  regularity  than  the  causes  which 
produce  the  dmrnal  variations. t  The  remark  seems  just;  yet  it  is  difli- 
eolt  10  assign  limits  to  the  accumulated  iniiuence  even  of  a  very  feeble 
force  constantly  acting  on  the  whole  surface  of  the  earili.  This  subject, 
however,  must  evidently  remain  obscure,  until  we  become  acquainted 
with  the  cauaes  which  give  a  determinate  direction  to  the  supposed  elec* 
trie  currents.  Already  the  experiments  of  Faraday  on  the  rotation  of 
magnela  have  led  him  to  speculate  on  the  manner  in  which  the  earth, 
when  once  it  had  beconc  magnetic,  might  produce  electric  currents  within 
itaelf,  in  consequence  of  its  diurnal  rotation.§ 

Before  leaving  the  conaideration  of  thermo-electricity,  I  may  remark, 

•  rnn^olations  in  Travel,  p  271.  ♦  Phil.  Trans.  1830,  p.  399. 

J  HiMint'i  Untvrrii.,  1833,  Electricite. 

i  fhii.  Trans.,  IUSI,  ^  176.  >  alw>  pp.  172, 173,  Ac, 
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that  H  fujliw  fSBcntad  giMl  inequaUlitt  of  lemperalm»  irimif  6m 
s  pirtial  dislrib«lmi  of  yoIomuo  1m«L  Whmmv  for  oiiBiple,  ommn 
of  rook  OMor  of  greal  horisanUl  oHmt,  tad  of  eonnderable  depth,  which 
are,  st  one  ptAni  in  a  state  of  fueion  (aa  beneath  acme  active  volcano) ;  at 
another,  red  hot;  and  at  a  third,  comparalively  cold — ^uLruiij^  liitiruia- 
electric  ucuua  may  be  excited. 

8ome»  pcrha[)8,  may  object,  that  thia  is  reasoning  m  a  circle;  firat  to 
introduce  electricity  as  one  of  the  primary  catises  of  volcanic  heat,  and 
then  to  derive  the  same  heat  from  thermo-electric  currents.  But  there 
ImI^[,  ill  irudi,  be  much  reciinoial  nation  Icuveen  the  agents  now  under 
consideration;  and  li  is  very  diiiieulljo  decide  which  should  be  regarded 
aa  the  prime  mover*  or  to  aee  wiuco  Uio  traio  of  ^r^ffff,  oneo  bog8B» 
would  terminato. 

hk  the  ordinary  operations  of  iiataio»  it  is  in  the  atmosphere  okMO  tkat 
wo  oba€i»e  tho  aetloii  of  electricity ;  and  it  it  poob^iio  Ihot  a  moment 
never  paioii  without  a  flash  of  lightoinf  oinkiDf  aomo  port  of  tho  o«th« 
Tho  elootrio  fluid  ahattoio  lo^ksf  oad  inotmtoiiooailjr  Mho  ■rfiNwirm 
vhioh  oso  oomomly  Mgafdod  oo  Infiwibtoi  Tho  lir  io  loppoood  lo 
donvo  o  gioot  part  of  thit  oloolikiiy  difoeaj  inm  Iho  oarthi*  tmi  M. 
Nookor  OBOiDi  to  hofo  moooodod  hi  ootriiiohwy  thai  thm  Io  a  oomhm 
hotvoon  flio  dfaoelMMi  of  the  enrtoo  of  oq|«al  magnetio  itttOMi^  oad  thi 
alrthf  of  tho  principal  monotohi  ehMoa»t  8oom»  oIoo.  olbihalB  tho  oioo- 
tricity  of  tho  air  to  ^  ompowtioo  of  ooi  wiiar  hy  tho  —i?  IbriloHiho^ 
shown,  by  experiment,  that  the  eonTeraton  of  aalt  water  into  vapoar  is 
accoiiip;H.ic(l  by  the  excitement  of  electricity;  and  the  process  alluded  la 
takes  place  on  so  vast  a  scale, — the  ineai-urc  ol  llie  quantity  of  evapora- 
tion being  the  constant  flow  ol  all  Uie  rivers  of  ilio  carlh,  exclusive  of  the 
rain  which  falls  directly  into  ihe  oci^an, — that  a  feeble  action  of  ihia  kind 
may  become  very  povs  erful  by  accuinulaUon. 

During  volcanic  en: piions,  vivid  lijrhlninjrs  are  n1mo«5t  invariably  seen 
in  the  clouds  of  vapour  wJucli  ascend  frdni  ihc  craler;  and,  as  there  are 
always  one  or  more  eruptions  going  on  in  some  pan  of  the  globe,  we  are 
hero  praeeoted  with  another  perpetual  source  of  doiaiigemat*  How  far 
•obtanraneao  eloetrie  currents  may  poaaeaa  the  daeomposing  power  of  the 
Toltaie  pile  is  aqoeation  for  those  alooe  who  are  fttrthest  advanced  la  tho 
eareer  of  diacovery  in  a  rapidly  progressive  aeieaoe;  but  such  a  powor 
wodd  at  once  supply  oa  with  a  never-failing  eoocoe  of  ohoaioal  ootioai 
from  whieh  Toleanie  heat  might  be  derived. 

TTkory  of  m  unoxidated  metaOU  ftudetft^Wbeii  Sir  H.  Ihcwf  fliat 
difoovered  the  motalile  boaeo  of  the  eariha  aod  alhaiieet  ho  threw  out  the 
idea  ihal  tboee  metala  might  aboond  in  an  imozidiied  elate  ia  tho  oohUi^ 

•  Faraday,  Phil.  Trnn*'  .         p.  177. 
t  fliUiotk.  Univera.^  torn.  zUii  p.  ItMi. 
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Tnncnn  regions  to  which  water  must  orrnsiori;ill y  penetrate.  Whenever 
tints  liappened,  eraseouij  niatler  would  b€  iot  Iree,  llic  metals  would  com- 
bine with  the  owaen  of  the  water,  and  sufficient  heat  miglit  be  evolved 
to  melt  the  i^urrouiiding  rocks.  This  hvpolhpsis  was  at  first  very  favour- 
ably rc'crived  both  by  the  chemist  and  the  geologist  ;  for  silicn,  ahimina, 
lime,  soda,  and  oxide  ol  iron, — substances  of  wliich  lavas  are  principally 
composed, — would  all  reauh  from  the  contact  of  the  inflammable  melab 
alkdfld  to  with  w«l»r*  B«t  whence  this  abundant  store  of  unsaturaled 
Wteb  in  the  interior  ?  It  WM  mnnawd  tb«lf  In  the  beginning  of  things, 
lb*  nncleus  of  th#  wtik  wai  mainly  eompoMd  of  uifiammable  metals,  aad 
UmI  eaudaiba  went  cm  with  intense  mfgy  at  first;  till,  at  length,  wbeii 
a  90fmt6fBUL  erani  of  oiiMlan  hod  booa  lofnied,  tho  diomiail  ootion  boenmo 
WMf»  tnd  Mfo  UmgiiiiL 

II  iniiat  be  confessedt  that  thia  aamiDpttoii  was  not  leaa  arbitiwy  tbaa 
ifaat  firai  auggaalwl  by  Leiboili,  of  an  origioai  ignoooa  fluids  for  a  par* 
lioular  aioafal  oonditioo  of  a  primilivo  aolid  BOfliona  is,  to  aay  tho  laast^ 
as  bold  a  spooolataoo  aa  a  aovly  eioalod  omss  of  tneaodeseoat  'matter.  Il 
voiikl,  perhaps,  ba  mora  phyosopfatoil  to  begin  by  inquiriof*  wbothor 
any  onatiog  eaoasa  amy  bovo  the  powor  of  daozidating  tbo  earthy  and 
alkaline  compounds  formed  from  time  to  time  by  the  action  of  water 
npon  the  metallic  bases;  so  that  the  previous  state  of  things  might,  under 
favourable  ci reunistaiices,  be  restored,  a  j)erjii;in(;nt  elic'iuical  aciiua  sus- 
.  tained,  and  a  coiuinu;il  encle  of  operaiion  kept  up.  Il  has  been  sufrfrestcd 
to  me,  by  Mr.  Daiiitll,  that  we  have,  in  hydrogen,  precisely  such  a 
deoxidaliiig  agent  ns  would  l)e  required.  It  is  well  known  to  eheinisis, 
that  liie  metallizaiioa  of  tlie  must  ditticuhly  re(hiced  oxitlcs  niav  he 
cfiecl*  d  by  hydrogen  brougiit  into  contract  with  ihem  :it  a  red  heal;  and 
it  is  more  than  probable  that  the  production  of  poiasftium  itstlf,  in  the 
oommon  gun-barrel  process,  is  due  to  the  power  of  nascent  hydrogea 
derived  6om  the  water  which  the  hydrated  oxide  eontaios*  Accoidiaf 
to  the  neam  exparime»le»  also,  of  Famday,  it  would  aiipear  that  every 
case  of  metaliie  redoetion  by  voltaic  ageeey,  from  saline  solutions,  to 
which  water  is  present,  is  due  to  the  sceoadsry  aetioB  of  hydrofSB  opoa 
Ibe  oxide;  both  of  theae  beiag  deieimiiied  to  the  negative  pole,  aud  Ibea 
leaotiog  iipoB  one  aaodiir. 

It  baa  never  been  diapated  thai  intense  lieat  might  be  prodeeed  by  the 
oeeasionel  oanlaei of  walsr  with  the  motaUie  bases;  and  it  is  quite  eep* 
tain  that,  during  the  proeem  of  sataraiion,  vast  volumes  of  hydrogen 
Msi  be  evolved.  The  hydrogen,  thus  generated,  might  permeate  the 
ornst  of  the  earth  in  diflecent  direolions,  and  be  atoied  up  for  ages  in 
flssores  and  eavems,  soraetimas  in  a  liquid  form,  under  the  necessary 
pressure.  Whenever,  at  any  subsequent  period,  in  consequence  of  the 
changes  eifected  by  eartht^uiikud  m  ilm  shell  of  liie  eai lii,  iiua  gaji  hap- 
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pencil  to  come  in  contact  with  meialie  oxides  at  a  high  temperature,  Ibd 
redut^iKMi  of  these  oxides  would  be  :lie  necessary  result. 

Recajnhtlalion. — In  the  next  chajjtcr  i  s1ki!1  uiiiuiri^  more  jarlicukrly 
into  the  manner  in  which  the  phenonitai  ol  c  ii  tSiquakeb  and  vulcanbs 
accord  with  llie  hypothesis  of  a  continned  geiiCraUun  of  heat  by  chemical 
uction.  Hut,  6rst,  it  rnny  In  desirable  to  recapuulat6t  in  a  few  wckidfl* 
ihe  conclusions  already  obiuiin  ri. 

1st.  The  primary  causes  oi  tlie  volcano  and  the  earthquake  are,  to  a 
great  extent,  the  same,  and  must  be  ooimeoted  with  the  passage  oT  heat 
.from  the  interior  to  the  surface. 

My.  This  heat  has  been  referred,  by  auny,  to  a  raiipcMd  ante  of 
igneous  fuckio  of  the  eeitral  parts  of  the  planet  when  it  wei  fiiai  created* 
of  which  1  pari  etill  remains  in  the  interior,  but  ie  always  diauniahing  ia 
iatentity. 

My,  The  ephoroidal  figore  of  the  earth,  addoeed  in  rappoci  of  thia 
Iheory,  does  not  of  aeeasalty  imply  an  animaal  and  ainmltaBaoiia  ilaidi^ 
in  the  beginning;  ibr  supposing  the  original  figure  of  our  planet  had  been 
atrietly  apheHeai->-wbieb,  howefOTT  ie  a  gratttitone  aaaomplioii,  renting 
on  no  eetablitbed  analogy^-etUi  the  etatieal  figure  mnat  have  been 
Assumed,  if  sufficient  time  be  allowed,  by  the  gradoal  operation  of  tlie  cen- 
trifugal force,  acting  on  the  materials  brought  successively  within  its 
action  by  aqueous  and  ii:aeous  causes. 

4thly.  It  appears,  from  cxpcniijeni,  tiiat  liie  lieat  in  mines  iucreascs 
progressively  with  their  depth;  and  if  the  ratio  of  increase  be  continued 
uniformly  from  the  surface  to  the  interior,  the  whole  globe,  wit!i  t!»e 
exception  of  a  small  exiprnnl  shr  il,  must  be  lluid,  and  \  \\v  central  parts  must 
have  a  lemju  r.iuirc  many  Umcs  lusher  than  thnt  of  nit  lu-d  iron. 

5thly.  But  the  theory  adopted  by  M.  Cordier  and  oiliers,  which  main- 
tains the  actual  existence  of  sucli  a  slate  of  things,  seems  wholly  incon- 
sistent with  the  laws  which  regulate  the  circulation  of  heat  through  flatd 
bodies.  For,  if  the  central  beat  were  as  intense  aa  la  pspresented,  there 
mtist  be  a  circulation  of  caireats,  tending  to  eqnallze  the  tempncslQio  of 
the  resnhing  fluid,  and  the  solid  emat  itssif  wonld  be  melted. 

6lhiy.  Ineiesd  of  an  originsi  eentml  heat,  we  may,  perhaps,  rslbr  tibs 
lieat  of  the  interior  to  ehemieai  ehangee  eonatantiy  going  on  in  tlia  earth's 
emst;  for  the  general  eflbet  of  ebemloal  combination  is  the  evolnlioB  of 
heat  and  electrieity,  which,  in  their  Inm,  becomes  senroes  of  new  olmai^ 
cal  ehangee* 

7th1y.  The  oiistnnee  of  oonenta  of  eleetriclly  in  the  shell  of  tho  oardi 
liaa  been  dedneed  fknoi  the  phenomena  of  terrestrial  magnetiam;  from  the 
eonnexioii  between  the  dinmal  wiations  of  the  magnet  and  the  apparent 

motion  of  the  sun ;  from  observations  on  the  electro- magnetic  properliej* 
ol  metalliferous  veins  ;  and,  hisiiy,  Iroui  almosphenc  electricity,  wliich  is 
continually  passing  bcivveeu  tlie  air  and  the  earth. 
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8llily.  Subterranean  electric  currents  may  emrt  a  Mow  decompoMB^ 
power  like  that  of  the  voltak  pile,  and  thus  becow  ■  floiittaal  MMUoe  of 
ebemical  aotlMt  mmI  coMtqnently,  of  volcanic  heat. 

May.  U  hm  \mw  wiggwirii  that  tlM  UMlali  of  tiM  mth*  ami  allnlteo 
any  oiiit  in  «b  moKidiMd  aiila  n  iba  wtemnm  fiB|iatif»  a»d  Uku  tho 
ttrniMiiwiit  oootwt  of  wUht  irilli  ihno  flUMt  fwodaoo  inteHO  htaU 
ThA  hjrdrofiBy  ovalvod  teinf  dw  pracMs  of  oatniitioB»  mij,  on  cdniog 
milerwards  in  ooyriaet  with  iho  hoalod  nwnJHn  oxidM,  redoee  thta  ayatn 
to  moid*;  and  thui  eiiob  of  aetkm  may  bo  ono  of  Iho  prineiptl  meani  by 
whidi  inlinni  Imty  nod  <ho  otability  of  tho  Toloinfo  •D6igy»  aie  piwomd* 


CHAPTER  XIX. 

Heat  of  the  interior  of  tho  earth — Causes  of  earthquakes — Expansirr  ]>n\rrr  of  con- 
densed gases — How  land  may  be  permanently  elevated — ^Expau!?ion  ol  rociv«  bj 
heat  (p.  4G6.) — Subitidence  of  land — Volcanic  eruptiouti — Geysers  of  Iceland — 
Whether  decompositloii  of  water  a  sooroe  ef  volcaaio  beal^Altnost  all  volesnoe 
ater  the  sea  ^.  473.)— Man j  iabteimieeii  cbangM  now  anieaB ;  tberslbre  muy 
fsolo^oal  pheoooMDa  obsswe— Aveiage  Hunal  anviber  of  sirth^sihei  Eleva- 
tssy  imn^ments  ikilie  not  opposed  to  the  levelling  firne  of  running  water — Tho 
sinking  in  of  th<*  narth's  crust  must  exceed  the  forcinj^  out  of  tlie  snme  by  earth- 
quakes (p.  -17-^.; — Wlu  ther  (  orthquakos  havo  diaunished  iu  energy — Ck>n8crTatiTe 
influence  of  volcanic  action. 

Whbn  we  reflect  that  the  lartrosi  moiintains  are  but  insig'nificant  protu- 
bern?irps  upon  the  surface  of  the  earth,  and  that  these  ntmiiitnins  are 
nevcrLlii'ie^s  coiti J  of  ilHTcrrnt  pnrts  which  have  Im'ch  lormed  m  suc- 
cession, we  may  well  feel  surprise  that  xhe  central  iJuidily  of  the  phinel 
should  have  been  called  in  to  account  for  volcanic  phenomena.  To  sup- 
pose the  entire  globe  to  be  in  a  state  of  igneous  fusion,  with  the  excep- 
tion of  a  solid  shell,  not  more  than  from  thirty  to  one  hundred  miles  thick, 
aod  to  ima^ne  that  the  central  heat  of  this  fluid  spheroid  exceeds  by  more 
thiip  two  hondfed  times  that  of  liquid  lava,  is  to  introduce  a  foree  alto- 
gether disproportionaCo  to  the  effects  which  it  is  tequired  to  explain* 

The  oidittsiy  repose  of  fho  snifaco  implies,  on  the  eontniy,  in  inert* 
neis  in  the  internal  mass  which  is  tndy  wonderfiiL  When  we  eonsidsr 
the  eombqstible  nttore  of  the  elements  of  the  earth,  so  fsr  as  they  aie 
known  to  ns«— the  iadlitj  with  whicb  their  componnds  may  be  deeom- 
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posed,  and  made  to  enter  into  new  combinatioofl, — the  quantity  of  heat 
wbidi  they  evolve  during  these  processes;  whtm  we  recolket  the  expan- 
sive power  of  steam,  and  thai  water  itself  is  OMposed  of  two  fVM  whichf 
by  their  union,  produce  ialMM  bail;  when  we  call  to  niad  the  nuiBkcr 
of  expkmfe  and  detonating  compounds  which  been  alraady  disoov^ 
«Nd»  we  mmy  be  tUowed  to  sban  the  eeloaiibnwl  of  PUaf  ,  dial  a  singk 
day  ebodd  pow  witbont  a  gvMiil  cosBmniioa  >^  Eiiodit  pf«foelA 
Ottnlft  wiracttlay  uUam  diom  ftana  qvo  aott  aucta  eoaflagiamil.*** 


Fig.  CO. 
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T  ho  sirrns  of  internal  heal  observable  on  ihe  surface  of  the  earth  do  not 
necessarily  indicate  the  peniianent  existence  of  subterranean  heated 
niafse^,  whether  fluid  or  «oiid»  bv  anv  means  so  vast  a8  our  continents 
mui  seas;  yet  how  inj«ignificanl  would  ihrsc  aj^pear  if  (distributed  through 
aii  external  shell  o(  the  globe  one  or  two  liuiulreJ  iiiiUs  «n  depth!  The 
principal  facts  in  proof  of  the  accumulation  of  heat  below  the  surface  may 
be  summed  up  in  a  few  words.  Several  volcaiios  are  constantly  in  erup- 
tion, a»  8tromboU  aid  Kicaragnai  olbers  are  known  to  have  been  active 
for  periods  of  60  or  even  150  years,  as  those  of  San^ay  in  QuitOt  Popo* 
catepetl  in  M«xico»  and  the  volcano  of  the  Itle  of  Bourbon.  Manj  ertteie 
•ait  hoi  vepoum  id  the  iniervala  between  eruptionff  and  eolfataraa  evolve 
incessantlj  the  same  gaset  aa  voleanoa.  Steam  of  high  lemperatore  hae 
eoDtinued  for  more  than  twenty  ceotoriee  to  ieeoe  from  the  *«atafoi»*'  ae 
the  Italians  call  theai«-*thermal  springe  abound  not  onlf  in  regions  of 
earthqnakee*  hut  an  found  in  almost  all  eonntries,  however  distant  from 
aetive  vents ;  and«  UaAy,  the  temperature  in  the  mines  of  various  pads  of 
ihe  world  is  found  to  increase  in  proportion  at  we  descend. 

It  is  probably  to  this  unceasing  discharge  of  subterranean  heat  that  we 
owe  the  general  tranquillity  of  the  globe  ;  aiul  the  occasional  convulsions 
which  occur  may  aribt  Iroin  Uie  temporary  stoppage  ol  the  channels  by 
which  heat  is  transmitted  to  the  surface;  for  the  passage  of  caloric  from 
below  upwards  may  be  compared  to  the  descent  of  water  from  the  conti- 
nents to  the  sea;  and  as  a  partial  interruption  of  the  drainage  of  a  coun- 
try causes  a  tloodt  so  any  olisirvicuoii  to  the  discharge  of  vokanic  heat 
may  give  ri«e  to  an  enrUiquake  or  erupuon. 

Tlie  annexed  diagram  may  convey  some  idea  of  the  proportion  which 
our  continents  and  the  ocean  bear  to  the  radius  of  the  earth.*  If  all  the 
land  were  about  as  high  as  the  Himalaya  mountains,  and  the  ocean  every 
where  as  deep  as  the  Pacific,  the  whole  of  both  might  be  contained  within 
e  space  expressed  by  the  thickness  of  the  lioe  ab;  and  masses  of  nearly 
equal  volume  might  be  placed  in  the  space  marked  by  the  line  e  in  the 
interior.  Seaa  of  lava,  therefore,  of  the  sixe  of  the  Mediterrsnean,  or 
even  of  the  Atlantic,  would  be  as  nothing  if  distributed  through  such  an 
outer  shell  of  the  globe  as  is  represented  by  the  shaded  portion  of  the 
figure  abed*  If  throughout  that  space  we  imagine  electro-chemical 
caoeee  to  be  continually  in  operation,  even  of  very  feeUe  power,  they 
might  give  rise  to  heat  which,  if  accumulated  at  certain  points,  might 
melt  or  render  red-hot  entire  mountains,  or  sustain  the  temperature  of 
sulfas  and  hot  springs  for  ages. 

Causes  of  earthquakes — wave  like  motion. — I  shall  now  proceed  to 
examine  the  manner  m  wiiich  the  beat  of  the  interior  may  give  rise  to 

"  Reduced,  by  perm1raioD,ij:om  a  %ure  in  plate  40,  of  Mr.  De  laBeche's  Geologi- 

cal  St'ctiuns  and  View*. 
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Mrikquaikef ;  and  sImU  Umii  pMi  oi»  lo  the  probable  mom  oC  erapiiooa. 

One  of  the  noal  eoenmon  phenomena  auending  subterraneaK  movemenU» 
m  Um  umiublary  motion  of  the  ^ttnd.  And  ihie,  eays  Michell,  will 
eeeoi  Wm  exiffaorUiiiaiy»  if  we  eaU  to  Blind  ihe  exirema  elaeiicity  of  tho 
•anh,  and  the  eompMeeibiliiy  of  even  the  Moel  eolid  natertale.  Lai]go 
diatrieiit  be  anggeeta,  ma^  reel  on  fluid  lava  s  and,  wlie«  this  in  dieturbed* 
U«  Botiona  mny  be  propagated  throvgh  the  iaeumbem  roeka.  He  aleo 
adda  the  fblloerinf  ingeaioue  apeeidettoo ^  Aa  a  email  %uantiij  of 
Tapoor  almoet  hiatantly  geoeiated  at  aome  eooaiderable  depth  below  the 
anrfhee  of  ihe  earth  will  prodnee  a  vibratory  motion*  ao  a  very  tarfo 
quantity  (whether  it  be  generated  almoet  ioelanily,  or  in  any  email  ponioo 
ol  time)  will  produoe  a  wav»4ike  motion.  The  manner  in  whieh  thie 
wave  like  iimlioii  will  be  propagaicd  may,  in  some  measure,  be  represented 
by  ihe  Intlowmg  expf niueiit  ; — Suppose  a  large  clolh,  or  carpel  (spread 
upon  a  Hour),  lo  be  mised  at  one  edj/c,  and  then  suddenly  broughi  down 
agnin  to  Uie  floor;  the  air  uniitr  ii,  Ix  iii<,f  f)v  ihi?  means  proptll<"il,  %s  ill 
p-iss  along,  nil  il  escapes  at  iMe  oppi>site  side,  r;ii.siiia  clolh  in  a  wave 
all  ihe  way  as  it  goes.  In  like  manner,  a  larjjr  qiuiniily  of  vnponr  may 
be  conc'^ived  to  raise  the  earth  in  a  wave,  as  il  passes  along  beiween  Uie 
atrala,  which  U  may  easily  separate  in  a  horizontal  direction,  there  being 
Utile  or  no  cohesion,  between  one  atfatom  ami  another.  The  part  of  the 
earth  that  is  first  raised,  being  bent  from  Ite  natural  form,  will  endeavour 
to,  restore  itself  by  iu  elasticity  ;  and  the  parts  next  to  it  being  to  havu 
their  weight  supported  by  the  vapour,  which  will  inainuale  iteelf  under 
1hem»  will  be  raised  in  their  tnrnt  lili  il  either  fioda  aome  venl*  or  10.^1111 
eondenaed  by  the  eold  mio  «ater»  and  by  that  flMami  peeveoted  froiD  pee- 
eeodiuf  any  lartheis.*'* 

To  (hie  hypotheeia  of  MieheU  It  baa  bee»  objeerndt  with  aoM  reeaoo» 
thai  the  wavo-Mke  moveaaaotaof  the  aurfaoeof  .the  kmd  during earthquakca» 
though  vlolenlt  ere  ou  a  very  mamHe  aeale ;  as  appeam  horn  the  aeeomit 
oS  tall  tmee  touahing  the  ground  wkb  their  tops,  and  then  resnming  iheir 
erect  puailionf  the  eea^eiekaess  experienced  by  spectators,  and  other  phe- 
nooiena^  clearly  indicting  that  the  radius  of  e  ich  superi'scial  curvature  is 
very  small.  On  the  other  liaiul,  Lhe  i,utUleu  Iraclure,  ii  is  i^aid,  uf  solid 
strata,  might  produce  a  vifjiaiory  jar ;  which,  being  propagated  in  undu- 
lations tlirougb  a  mass  ol  lark  several  Uioufiaod  feet  tltick,  would  ^riverise 
to  auperticiai  waves,  even  lliout:!!  the  subjacent  crust  of  the  rilobe  were 
entirely  solid,  aiid  not  reposing  either  on  fluid  or  gaseous  matier.t 

The  facility  with  whirh  all  the  particles  of  a  solid  mass  ean  be- made 
tQ.Ti|bnue»  may  be  iiiutirated,  aayaiGay  iMmaae,  by  many  famitiar  ezam- 

-  On  the  Cause  and  PhenomsM  ef  Bkrthi|UBhse,  Phil.  TkMW^  voL  U.  seeL  661 
f  Qnaiterly  Review,  No.  laxxvL  p.  463. 
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plM^  IT  «0  9jtp\y  the  «ar  to  one  end  af  « wooden  iMl  liriM 
■ttentifely  when  the  other  end  is  ttrnck  hy  a  pin*s  heed*  w«  htoar  M 
iboek  dietinetly ;  whieh  shows  thai  efery  ibre  thlrongheet  the  whele 
length  hes  been  msde  to  Wbrsle.  The  nttling  of  eiitbges  en  tiM  |m««* 
inent  shakes  the  largest  ediflees  i  and  m  the  ^uairies  nndermwill  aomtl 
qoanete  in  Paris,  ft  fs  foam)  that  the  motrement  is  commuaioaietl  throogh 
a  eonsiderable  thickness  of  rock.* 

The  rend'mo^  and  viphe  iving  of  conuaftilal  masses  are  opprntiont  WhiOh 
•re  not  dirticull  lo  rxpl:iit>,  ^vhcn  m  o  are  once  con vtnre<I  tliai  heat,  of  MiffiA 
cieni  power  not  only  io  melt,  but  lo  reduce  lo  a  gaseous  turni  a  great 
▼arieiy  of  fc*ui)8iance«,  is  accumulated  in  certain  \y.ins  of  the  interior.  We 
see  that  elastic  flmih  nre  capable  of  pn>jectiii;f  solid  msbMs  lo  uimiense 
heights  in  the  air;  and  the  volcano  of  Coiopaxi  hag  been  known  lo  throw 
out,  to  the  distance  of  eight  or  nine  miles,  a  mass  of  rock  about  one  hun." 
dred  cubic  yards  in  volume.  When  we  observe  these  aifrifohn  flttidi 
rushing  oni  from  particular  Yents  for  months*  or  even  years,  eontinudtosl^^ 
what  power  may  we  not  ezpeet  them  to  exert  in  other  plaeea  trbeM  they 
happen  to  be  confined  under  an  dnot'mous  weight  of  rock  f 

Liquid  gatei.->»T1ie  eiperimeme  of  Faraday  and  othera  have  ehowhy 
within  the  last  twelve  years,  that  many  of  the  gases,  ineludhig  all  thoN 
which  are  most  eoptmisly  disengaged  from  voleanid  vents,  aa  the  MH>oliid« 
•nlphuroos,  and  muriatic  acids,  may  l>e  eortdensed  Into  Ii>juids  by  preilrarft. 
At  temperatnrss  of  from  80^  to  F.,  the  pressure  neqnimd  for  thik 
purpose  varies  from  fifteen  to  fifly  atmospheres ;  and  this  amooni  of  pressure 
we  may  regard  as  very  insign  ifieant  in  the  operations  of  nature.  A  eolnmn 
of  Vesuvian  lava  that  would  reach  from  the  lip  of  the  crater  to  the  level 
of  the  sea,  must  be  equal  lo  about  liiree  hundred  atmospheres  ;  so  that,  H 
depths  which  may  be  termed  moderate  in  the  initnor  of  the  crust  of  the 
enrlh,  the  gases  may  he  condensed  into  liquids,  even  at  very  hi^h  tem- 
peratures. The  method  employed  lo  reduce  some  of  these  |j;a«ie8  lo  a 
liquid  state  is,  to  confine  the  maleriats,  from  the  mutual  action  of  which 
they  are  evolved,  in  tubes  hermetically  sealed,  so  that  the  accumulated 
pressure  of  the  vapour,  as  it  rises  and  expands,  may  force  some  part  of  it 
to  assume  the  liquid  state.  A  similar  process  may,  and  indeed  must, 
frequently  take  place  in  subterranean  caverns  and  fissures,  or  even  in  the 
pores  and  cells  of  many  rocks  ;  by  which  means,  a  much  greater  store  of 
expansive  power  may  be  packed  into  a  small  space  than  could  happen  if 
these  vapours  had  not  tlie  property  of  becoming  liquid.  For,  although 
the  gas  ooeupies  much  less  room  in  a  liquid  state,  yet  it  exerts  exactly  the 
same  pressure  upon  the  sides  of  the  containing  cavity  as  if  it  remained  iit 
the  form  of  vapour. 

If  a  tube,  whether  of  glass  or  other  materials,  filled  with  eondeoaed 

*  Ana.  de  Ch.  et  de  Ph.,  toiu.  xxii.  p.  428. 
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gaif  hxn  Ut  It^^^mfgw  tlighUy  nkid,  it  will  oA«i  bml;  finr  mdigbl 
iaonraMiit  of  hial  ntmm  thettottioity  of  ihft  gM  to  in«Mm  in  a  very  higk 
miow  We  hm  oily  to  auppoM  ewtais  rMk»  peiaiMlMl  bj  tiMia  liquid 
fMM  (as  porous  oimte  aio  MmttUMO  iUod  with  water),  tq  hate  iMr 
temperature  raisetl  wemm  handred  degrreei,  and  we  obtmn  a  power  eapeble 
of  lifting  superincumbent  masses  of  almost  any  conceivable  thickness : 
while,  if  tiie  depth  at  which  tlie  gas  is  confined  be  great,  iliere  is  no  rea- 
son lo  suppose  that  any  other  appearances  would  be  witnessed  by  the  in- 
halutaiUs  of  the  surface  ihan  vihratctry  iiioveinfints  and  rents,  from  wincb 
no  vapour  iniffht  escape.  In  making  their  way  through  li^sures  a  very 
few  roilt  s  only  in  leu^nh,  or  in  forcing  a  passage  ihrougii  &oli  \ k  IJing 
strata,  ihv.  v:ip<)urs  may  bo  rooledand  absorbed  by  water.  For  water  li:is 
a  strung  aflinily  to  several  ot  the  gases  ;  and  will  ah«orb  larjre  (luaiUiues, 
with  a  very  slight  increase  of  volume.  In  this  maimer,  the  heat  or  the 
volume  of  cpfiaga  may  be  Migmaptitdi  aod  tlieir  niiMiai  propertiae  mada 
to  vary. 

Fermanmt  eloMiim  and  aubtidmee, — It  is  easy  to  eoooeive  that  the 
ahattand  loeka  nay  aoMiaia  en  aiebad  Sana  during  a  convulsion,  ao  tlun 
the  eoontry  above  may  leouin  permaniBtly  upheaied.'  In  other  cases 
pa  nay  drite  belora  it*niaaaaof  ligoid  lafa^whieb  mtj  tfaoa  bainieelod 
Into  Dowly  opened  fiaaoiaa.  The  gaa  haviaf  then  ohtaioed  nova  looait 
by  the  fofoiaf  np  of  the  ioaonibent  ioeks»  may  tenain  at  iipat ;  while  the 
lava  eoogaaliiif  io  the  lenta*  nay  effMd  a  aoUd  fiwadatioa  for  the  aewly 
lauwddiatriel. 

Efiparineota  ha?e  feaently  been  made  in  Anerieat  by  Cehnnl  Tecian» 
to  aaoertain  the  ratio  aoeorduif  to  which  aoflte  of  the  atooea  eonnonly 
need  in  arehitaotara  expand  with  given  inoeoieny  of  heat^  It  wae  lennd 
inpoaaiUo,  in  a  eonntiy  where  the  annnal  variation  of  ienperatoie  waa 
more  than  90°  F.«  to  make  a  coping  of  atonaa,  live  foot  in  lengdi*  in 
whieh  the  jointa  ahonld  fit  ao  lightly  aa  not  to  adnit  water  between  tha 
atone  and  the  eeaent ;  the  annnal  eontraetion  and  expanaloneCtiie  atooea 
eanting,  at  the  janoliona,  amall  crevices,  the  width  of  which  varied 
with  the  nature  of  the  roclc.  It  was  ascertained  that  fine*graiued  granite 
expanded  with  i°  F.,  at  the  rate  of  '000004825;  white  crystalline  marble 
•000005668  i  and  red  sandstone  •000000&32,  or  about  twice  as  mucii  as 
grajiitc. 

Now,  according  to  this  law  of  expansion,  w  ma^s  of  samUiune,  a  tniie 
iu  liiickness,  wliicii  slioulJ  iiave  its  temperature  raised  200°  F.,  would 
Ufi  a  superimposed  layer  of  rock  to  the  height  of  ten  feel  above  its  former 
level.  Hut,  suppose  a  part  of  the  earth's  crust,  one  hundred  miles  in 
thickuesii  and  equally  expuasible,  to  have  its  temperature  raised  GUt>^  or 

*  Silliwaa'i  A»eric«ii  Joum.,  rol.  iziL  p.  186.  Ths  applicatioa  sTftaai  vtirito 
to  tha  theaiy  ef  sarthtnahss,  was  liiil  w^jgastsd  ta  nw  ty  Mr.  Brtfcags. 
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800^,  this  might  produce  an  elevation  of  between  two  and  three  thousand 
feet.  The  C(n)liiijj;  of  the  same  mass  might  afterwards  cause  the  overlying 
rocks  to  sink  down  zs'un  and  resmnc  iheir  oriijiiial  position.  By  such 
agency  we,  might  explain  llie  gradual  riue  «[  ISci(ndiii;i\ ui  or  the  suh.-ideiice 
of  Cireeniand,  if  this  last  pbeaoiuenon  should  aiHo  be  establi^iiied  as  a  iact 
on  further  inquiry. 

It  is  also  possible  that  as  the  clay  in  Wedrrwood'a  pyrometer  contracts* 
by  giving  off  its  water,  and  then,  by  ineipieni  vitnlicaiinn  ;  so,  large  masses 
of  argiliaceous  strata  in  the  earth's  interior  may  shrink,  wlien  subje*  ted 
to  heat  and  chemical  changes,  and  allow  the  incumbent  rocks  to  sufisido 
^dually.  It  may  frequently  happen  that  fissures  of  great  extent  may  be 
formed  in  rork??  simply  by  tJie  unequal  expansion  of  a  continuous  mass, 
healed  in  one  part,  whde  in  another  it  remains  at  a  comparatively  low 
temperature.  The  stidden  .subsidence  of  land  mav  nlso  be  occasioned  by 
subienranean  caverns  giving  way,  when  gases  are  condensed,  or  \v]\en 
they  escape  through  newly-formed  crevices.  The  subtraction,  moreover, 
of  matter  from  certain  parts  of  the  interior,  by  the  flowing  of  lava,  and  of 
mineral  springs,  must,  in  the  course  of  ages,  cause  vaouiiiea  below*  so 
Ihat  tlie  undermined  surface  may  at  length  fall  in. 

Ca^H  of  vol(miic  eruptions. — The  most  probjihle  causes  of  a  volctnio 
ooUmrtt  pX  the  surface  hare  been  in  a  great  degree  anticipated  in  the  pre* 
eeding  speculations  on  the  liquefaction  of  rocks  and  the  genention  of 
gaeee.  When  a  minute  hole  ie  bored  in  m  lube  filled  with  gu  oondenied 
iDio  s  Hqiiidy  tbe  whole  beoonei  initealljr  Bi!rifoni»  or,  as  some  writeit 
bnve  expressed  it»  flashes  into  Tapoor***  and  oAeu  borsts  the  tube.  Such 
an  txperlnent  nay  repreaent  the  mode  in  wbieb  gaseous  niatier  may 
meh  ihvougb  a  leoc  in  the  ioeks»  and  continue  to  escape  for  days  or  weeks 
thrangh  a  small  orifice,  with  an  explosive  power  suiBcient  to  redaeo  ereij 
snbetaoee  whieh  opposes  its  paaeage  into  small  fragments,  or  even  dnei« 
Lata,  may  be  propelled  upwanls  at  the  same  time»and  ejected  iu  the  fonn 
of  acoria.  In  some  plaeee,  where  the  fiuid  lava  lies  in  a  space  inter- 
vening between  a  fissure,  communicating  with  the  surface,  and  a  cavern  in 
which  a  considerable  body  of  vapour  has  been  formed,  there  will  be  an 
efflux  of  lava,  followed  by  the  escape  of  gas.  Eruptions  often  coiuiuence 
and  close  with  the  discharge  o(  vapour:  and,  when  this  is  the  case,  the 
next  onlburst  mav  be  expected  to  take  place  by  the  same  vent,  for  the 
conclu  1]  evolution  of  elastic  fluids  will  keep  open  the  duct,  and  leave 
it  unohatrucied. 

The  breakin^^  oul  of  lava  Iroui  the  side  or  base  of  a  lofty  none,  rather 
than  from  the  suinnut,  may  be  attributed  to  the  hydrostatic  pri-Hsmr  t  ) 
which  the  lianks  ot  the  mountain  are  exposed,  when  the  column  of  lava* 
has  risen  to  a  great  tieight.    If,  before  it  has  reached  the  top,  ilierc  should 
bappen  to  be  a  stoppage  of  tbe  main  doct,  the  upward  pressure  of  the 
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ascending  column  of  gas  and  lava  may  be  sufficient  to  buret  a  lateral 
opening. 

Geysers  of  Iceland. — As  aqueous  vapour  constitutes  the  most  abundant 
of  the  aeriform  products  of  volcanos  in  eruption,  it  may  be  well  to  con« 
sider  attentively  a  case  in  which  steam  is  exclusively  the  moving  power 
—that  of  the  Geysers  of  Iceland.    These  intermittent  hot  springs  occur 
in  a  district  situated  in  the  south-western  division  of  Iceland,  where  nearly 
one  hundred  of  them  are  said  to  break  out  within  a  circle  of  two  miles. 
They  rise  through  a  thick  current  of  lava,  which  may  perhaps  have 
flowed  from  Moimt  Hecla,  the  summit  of  that  volcano  being  seen  from  the 
spot  at  the  distance  of  more  than  thirty  miles.    In  this  district,  the  rush- 
ing of  water  is  sometimes  heard  in  chasms  beneath  the  surface  ;  for  here, 
as  on  Etna,  rivers  flow  in  subterranean  channels  through  the  porous  and 
cavernous  lavas.    It  has  more  than  once  happened,  after  earthquakes,  that 
some  of  the  boiling  fountains  have  increased  or  diminished  in  violence 
and  volume,  or  entirely  ceased,  or  that  new  ones  have  made  their  appear- 
ance— ciianges  which  may  be  explained  by  the  opening  of  new  rents  and 
the  closing  of  pre-existing  fissures.    It  has  often  been  reported  that  the 
powers  of  the  Geysers  are,  upon  the  whole,  on  the  decline  ;  but  the 
description  given  by  Mr.  Barrow,  Jun.  of  the  eruptions  in  1834,  agrees 
very  closely  with  that  of  Sir  J.  Banks,  written  more  than  sixty  yean 
before.* 


Fig.  61. 


View  of  the  CrmUr  of  the  grtat  Oeytir  in  IcdandA 


•  See  Barrow's  Visit  to  Iceland,  ch.  vi.  1834. 

t  Reduced  from  a  sketch  given  bj  W.  J.  Hooker,  M.  D.,  in  his  Tour  in  Iceland, 
vol.  i.  p.  149. 
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Few  of  the  Geysers  play  longer  than  five  or  six  mnintes  at  n  time,  and 

the  intervals  between  their  eruptions  are  for  the  most  part  verv  irregular. 
The  great  (jieyser  lis-esoul  oi  a  spacious  basin  at  the  snnuiut  oi  a  circuhir 
mound  composed  of  siliceous  incrustations  depoi^ited  from  the  spray  of  its 
waters.  The  diameter  of  this  basin,  in  one  direction,  is  fifty-six  feet,  and 
forty- six  in  another. 

In  the  centre  is  a  jiipe  seventv-eii^^lit  W  vi  in  perpendicular  dejuh,  and 
from  eight  to  ten  feet  in  diameter,  bui  [;r.idually  widening,  as  it  rises  into 
tlie  basin.  The  inside  of  the  basin  is  whitish,  consisting  of  a  siliceous 
crust,  and  perleetly  smooth,  as  are  likewise  tiro  small  channels  on  the 
sides  of  the  mound,  down  which  the  water  escapes  when  the  bowl  ie 
filled  to  the  margin.  The  circular  basin  is  sometimes  empty,  as  lepre* 
■enled  io  the  above  sketch ;  bet  is  usually  filled  with  beaotifally  trans- 
pweot  water  in  a  state  of  ebullition.  During  the  rise  of  the  boiling  water 
in#he  pipe,  especially  when  the  ebnllilion  is  most  rioleut,  and  when  the 
water  is  thrown  up  in  jets,  subterranean  noises  are  heard,  like  Uie  distant 
iprittg  of  cannon,  ^nd  the  earth  is  slightly  shaken.  The  sound  then 
increases,  and  the  motion  becomes  more  violent,  till  at  length  a  eolumn  of 
water  ia  throUsa:  up,  with  loud  explosions,  lo  the  height  of  one  or  two 
hundred  feet  After  playing  for  a  time  like  an  artificial  fountain,  and 
giving  oiT  great  dottds  of  vapour,  the  pipe  or  tube  is  emptied ;  and  a 
eolumn  of  steam  rushing  up  with  amazing  force  and  a  thundering  noise, 
terminates  the  eruption. 

If  stones  are  thrown  into  llie  craler,  tlicy  arc  iiiaiaiuly  ejected  ;  and 
sucli  is  ilio  explosive  force,  that  very  hard  rocks  are  sometimes  shivered 
by  it  inio  smuW  pieces.  Henderson  found  that  by  ihrowing  a  great  quan- 
tity of  large  stones  into  the  pipe  of  Strockr,  one  of  the  Geysers,  he  could 
briiii,^  on  an 'eruption  in  a  few  minutes.*  The  fragments  of  stone,  as  well 
as  tiie  builmo^  water,  were  thrown  in  that  case  to  a  much  greater  height 
than  usual.  Alter  the  water  liad  been  ejected,  a  column  of  steam  con- 
tinued to  rush  up  with  n  deifening  roar  for  nc:irlv  an  hour;  but  the  Gey- 
ser, as  if  exhausted  hy  this  eilort,  did  not  send  out  a  fresh  eruption  when 
its  usual  interval  of  r?M  had  el:i[)sed. 

AnioMiT  the  ilidcTciU  theories  proposr^d  to  account  for  tiiese  phenomena, 
1  shail  tirst  mention  one  suggested  by  Sir  J.  Herschei.  An  imitation  of 
these  jets,  he  says,  may  be  produced  on  a  small  scale,  by  heating  red  hut 
the  stem  of  a  tobacco  pipe,  filling  the  bowl  with  water,  and  so  inclining 
the  pipe  as  to  let  the  water  run  through  tlie  stem.  Its  escape,  instead  of 
taking  place  in  a  continued  stream,  is  then  performed  by  a  succession  of 
violent  explosioie,  at  first  of  steam  alone,  then  of  water  mixed  with  steam  ; 
and,  as  the  pipe  cools,  almost  wholly  of  water.  At  every  such  paroxys- 
mal escape  of  the  water  a  portion  is  driven  back,  accompanied  with  steaa, 

*  Joorn&i  of  a  Aeaidexuse  ia  Iceland,  p.  74. 
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uito  Um  bowL  TiMiBtimb  beCwM iheesplqtioM  dqmidM  Ao  hmU 
lengtliy  and  iBdinAtioii  of  Uio  pipe;  llMir  eontiBUM,  on  ilt  ihiekiMM 
and  wndnoUiif  power.*  Tbo  opplMalioB  of  thk  osporiaoit  to  the  Ocj* 
mn  moioljr  MqiiivM  Ihtt  a  aobtamioaaa  tmua^  flowinf  Ibnwgli  tlie 
pona  and  apwhofm  of  ]afa»  aboold  aoddoBly  itaob  a  liawra*  io  whioh  Um 
rook  U  rad  hoi,  or  ntarly  ao.  Sloan  would  iounadialalj  be  foriod, 
whieh,  mabing  up  the  fiiaiire«  might  fbne  up  water  along  with  it  to  the 
enrfaee,  while,  at  the  eapie  time,  part  of  the  ateen  might  drifo  baok  the 
water  of  the  aupply  for  a  eertain  diaiaooe  lowarda  ita  aooroe.  And  wlieii« 
aAer  the  apaee  of  aome  minulea*  the  ateam  waa  all  eondenaed,  the  water 
would  return,  and  a  repetition  of  the  phenomena  take  piaoe. 

There  it,  however,  another  mode  of  explainiqg  the  aelion  of  the  Oey- 
aer,  perhaps  more  probable  than  that  above  described.  Soppoae  water 
percolating  from  tiie  surface  nf  ihe  earth  to  penetrate  into  the  subterranean 
cavity  A  I)  by  the  fissures  FF,  while,  at  ihc  same  time,  .«team,  at  an 
extremely  high  temperature,  such  as  is  commonly  given  out  from  the 
reals  of  lava  cufrents  during  congela^oa,  eiuaoates  from  the  fiasurea  C 


A  portion  of  the  atre^  ia  at  firat  eondenaed  into  water,  while  Hie  teape> 
valura  of  the  water  ia  raiaed  by  the  latent  heat  thoa  etolfed,  till,  at  laat, 
the  lower  part  of  the  eavi^  ia  filled  with  boiling  water  and  the  upper 
with  atom  under  high  pieaaure.  The  expanaifo  ibiee  of  the  ateam 
beeomaa*  It  length,  ao  great,  that  the  water  ia  foreed  up  ike  fisaure  or 
pipe  £  D,  and  roM  over  the  rim  of  the  baain.   When  the  preaauie  ia  thus 

•  ll8.iiail»GeoL8oo.ofLoBdoa,M.fl9,188li 
t  Wntk  ttr  Geama  IfariBMHia'a  laaliaJ 
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dimiaished,  the  sleam  in  the  upper  part  of  the  cavity  A.  ezpandst  until  aU 
ih»  water  D  is  driven  into  the  pipe  :  and  when  this  happens,  tlie  ateanit 
bting  the  lighter  of  the  two  fluids,  rushes  up  through  the  water  willi 
fMt  teloeily.  If  tha  pipe  be  chokad  up  ariiiiciaUy,  even  for  a  iaw 
mioolaty  a  gieat  increase  of  haat  mnat  laka  place  ;  (ar  it  ia  praYaiila4 
from  aaeaping  in  a  latent  form  ia  alaam;  ao  that  the  walar  ia  nwto  tp 
hail  nuwa  vielenlly*  and  thia  briaga  on  an  emplioB* 

If  we  auppoae  that  large  anbtatiaaean  cavitiea  exiai  al  the  dapili  of. 
aone  aUea  bdow  the  ant faee  el  the  earth*  in  whieb  mailed  laia  accnmi^ 
lalee,  and  that  water  peoetntee  into  iheae*  the  aieam  thna  generated  may 
praee  ttpen  lava  and  fi^iee  it  up  the  dnet  of  a  Teleano*  in  the  aame  mm* 
ner  an  a  column  of  water  ia  dfiren  up  the  pipe  of  a  Ge3raer, 

Jtffency  of  wat»  in  wokmrn^^No  theory  seems  at  first  more  improba- 
ble^ tMn  that  which  represents  water  as  alTording  an  inexhaustible  sup- 
ply of  fuel  lo  the  volcanic  fires;  yet,  if  sublcrraiieous  lieat  be  derived 
from  chemical  aciion,  as  before  hinted,  and  if  electric  currents  in  the 
cru6i  of  the  earth  may  exert  a  siow  decomposing  power,  the  hypotheaia 
is  far  from  visionary. 

It  is  a  fact  that  must  never  be  overlooked,  when  we  are  speculating  on 
the  probable  causes  of  volcanos,  that,  wliile  a  great  number  are  entirely 
submarine,  the  remainder  are  for  the  most  part  in  islands  or  maritime 
tiacta.  There  are  a  few  exceptions,  but  some  of  these,  as  Dr.  Daubeny 
obaenres,  are  near  inland  salt  lakes,  as  in  Central  Tartary  ;  while  otheii 
form  part  of  a  train  of  volcanos,  the  extremities  of  which  are  near  the  sea. 
Thua  JornUoi  in  Mexico,  though  itaelf  not  less  than  forty  leagues  from 
the  nearest  ocean,  appears  to  be  eoBneeted,  with  the  volcano  of  'Fuxtla  on 
the  one  lMnd«  and  that  of.ColiaMi  on  the  other;  the  fint  bordering  on  the 
Atlamie,  the  latter  on  the  Peeifio  Oeean.  Thia  eommnniealion  ia  lan^ 
dated  more  psohahle  by  the  paiaUetian  lhal  eiiale  between  theae  and 
'  aaieral  intarmediale  ▼okanie  hilla** 

Sir  fiL  Davy  &up|>oaee  that»  when  the  sea  is  distant,  aa  in  the  eeae  of 
aome  of  the  Sentb  Ameriean  vohianos,  they  may  sliU  be  supplied  with 
water  from  aubteiianean  lakes;  rinee,  aeeording  to  HnmboMt,  large 
quantities  of  fish  are  often  thrown  out  during  eruptions.! 

It  has  been  alrcatly  biaied,  that  the  gases  exhaled  from  volcanos, 
togeilier  wiiii  steam,  are  such  as  would  result  from  the  decornposiiion  of 
salt  water,  and  the  lume^;  which  escape  from  the  Vesuvian  lava  have  been 
observed  lo  deposit  common  sali.t  The  emission  of  free  muriatic  acid 
gas  in  p^reat  quantitiei;  favours  Llie  thcorv  of  the  decomposion  of  the  ?alt 
contained  in  sea  water ;  but  M.  Boussiogault  did  not  meet  with  this  gaa 

*  Bee  Danbeny's  lemarfcs— Voleanos,"  p.  968. 
f  Phil.  Trans.,       p.  250:    v    •  ^ 
t  Das7»  niLTMunr.,  UK,  p.  9M. 
V«L.L— SK 
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in  his  late  examination  of  the  elastic  fliiiU*  evolved  from  tlie  volcano^  of 
equatorial  America.  Ho  informs  us,  that  the  >;iino  art;  guen  out  by  all 
llif  (lifferpnt  vents,  namely,  aqueous  vapour,  in  very  lar*re  quauiily,  car- 
bonic acid  gas,  sulphurous  acid  gas,  ami  s^iik  limes  Inmrs  of  sulphur* 
The  same  naturalist  found  by  analy^ig,  that  all  the  thermal  watcn  of  tlM 
Cordillems  were  charged  with  sulphurated  hydrogen  gas.* 

M*  Gay  Lussac,  while  he  avows  his  opinion  that  the  deeomposition  <if 
water  contributes  largely  to  volcanic  action,  calls  ftlientiofl,  nevertliel#M| 
.,to  the  (act,  thai  hydrogen  baa  not  baeo  detected  ia  i  lepanlt  foim  smong 
th0  faMOtti  pfodaets  of  volcanos }  nor  can  it,  he  styt,  be  prttent;  Ibrt  oi 
tlttt  eaae,  h  wooM  be  inflamed  io  the  air  by  the  ved-het  Hones  throwm 
OQt  during  an  eruption.  Dr.  DtYy*  aleo»  in  hie  aeeennt  of  Grdieai 
lelendt  eeye*  **I  waiehed  when  the  lightning  wie  inoel  vivid,  and  the 
emptieo  of  the  grealeat  degree  of  Tiolenoe,  to  eee  if  there  wee  any  inflyi- 
nelion  oeeaeloned  liy  thie  natnnl  electrie  epufcv-aiqr  indioaiiev  of  no 
pieeence  of  inflammable  gas }  hot  m  vain/*t 

May  not  the  hydrogen,  Gay  Laeane  infoirae,  bo  eombined  with  efeli^ 
rine«  and  produce  mnriaiie  aeid  ?  for  thie  gae  hae  been  obeerted  to  bo 
evolved  from  Veenvina.  end  the  ehlmine  may  have  been  derived  from 
eea  aeH;  whioh  wie,  in  fact*  extiieted  by  aimple  waahiof  from  the 
Yesuvlan  lava  of  18S9,  la  U10  proportion  of  nine  per  eeni4  But  it  was 
anuwered,  that  Sir  H.  Davy*s  experiments  hod  shown,  that  hydrogen  is 
not  combuBtible  when  mixed  with  muriatic  acid  gas  ;  so  that  if  muriatic 
gas  was  evolved  in  large  quautitie8»  the  hydrogen  might  be  prej»eul  witii- 
out  inflammation. $ 

M.  Gay  I.ussac,  in  the  memoir  just  alluded  to,  expresses  doubt  as  u> 
the  presence  of  sulphurous  acid  j  but  the  abundant  disengagement  of 
Xhh  t^:)s  during  eruptions  is  now  asceriaiued :  and  thus  all  difficulty  in 
regard  lo  the  absence  of  hydrogen  in  an  inflammable  stale  is  removed. 
For,  as  Dr.  Daubeny  supposes,  tlie  hydrogen  of  decomposed  water  may 
unite  with  sulphur  to  form  sulphuretted  hydrogen  gas,  and  this  gas  will 
then  be  mingled  with  the  sulphoroaa  aeid  as  it  rises  ta  the  csaier.  It  is 
afaown  by  experiment,  that  tbeae  gaeee  mntnaUy  decompose  each  othar 
when  railed  where  steam  it  preeent ;  pnrt  of  the  hydrogen  of  the  one 
ianediately  uniting  with  the  oxygen  of  the  other,  to  lorn  wetatb  wliile 
Ae  emee  of  enlpheroee  aeid  alone  aaanpei  into  the  atOMiepheio*  Stt 
pber  ie  et  the  eaoM  time  piecipimied* 

ThiaeijplettmMn  ie  anMent;  bnt  it  may  he  nahed,  whether  the  fleae 
«f  hydrogen  wonid  be  vaaible  dnring  en  emption  1  an  thai  gna»  whm 
inflamed  in  n  pun  atnle»  hone  with  •  veiy  faint  bine  flamet  whieh  ovm 

•  Ann  de  Chim.  et  d<  Vhys.,  lom  lii  p.  18L        )  FhiL laSS, p.  SIO. 

t  Ann.  de  Chim.  et  de  Phya.  iom.  xxii. 

I  i^uMiL  Joora.  of  Science,  lti23,  p.  138,  note  by  editor* 
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In  th*  iqghlMid  banUj  bt  pmpliUe  by  tto  «d«  of  rad-hot  and  iutuk» 
4es0Mt  eindcii.  lit  eanvwiioD  inlo  wilAr  when  iodained  in 

Hw  •loM^pliifiit  «i|bt  alio  afiBomil  for  in  not  appmuif  in  a  iepuale 
«lbnii. 

Wbaa  tntling  of  fpringt  and  ovoflowiiig  weUi.  I  ilalad  that 
pmou  lockt  ava  pansolaM  by  fiaah  watar  to  gitat  4apiha«  and  that  aaa« 
water  probably  paoelcataa  io  the  aana  maniMr  thnragb  the  rocks  which 
Ibm  tha  bad  of  tba  oeaan.  Bot»  baaidat  thia  amfecaal  etteolatlpD  a 
ngiooa  not  far  frooi  the  aurfaao*  itmnal  baapppoaad  that*  wharavar  aartb* 
qoaket  prei^il,  moeh  Urgar  bodies  of  water  will  be  fonwd  up  by  the 
pressure  of  the  ocean  inlo  fissures  at  greater  depths,  or  swallowed  up  in 
chasms;  la  lim  siiiiic  iiuiiucr  as,  on  ihc  lajiJ,  luiviis,  houses,  calile,  auii 
trees  arc  sometimes  engulfud.  It  vviii  be  remeinbereii,  lUai  tlusc  chasms 
often  citjbo  :!g;iin  after  houses  have  fallen  into  them;  and,  for  ihe  same 
reason,  when  water  luis  penetrated  to  a  mnss  oi  iiifclttd  hiva,  the  sieain 
into  which  it  is  converted  may  olien  rin>li  oui  at  a  dilTert^nt  apcrUire  from 
lhat  by  which  the  waier  enicreil.  The  IrequetU  e,\pli>-siui)s  caused  by 
the  generation  of  steam  in  the  neighbourhood  of  the  sea  or  of  deep  lakes, 
may  shatter  the  solid  crust  of  tlie  airtli,  and  allow  the  free  escape  of  gases 
and  lava  which,  but  for  this  caoaa,  oughl  natar  hava  laaohad  Iha  auiliwab 
•nd  might  only  have  g^vaa  rise  to  aailliqQakai. 

Dr.  Daobaay  baa  anggaated  that  watar  aontalaing  atmoipheric  air  may 
deaaand  fmn  tha  aadaea  of  the  earth  la  iba  voleaaie  fb«i,  and  lini  lha 
MM  pioeaaa  of  oonboatioo  by  which  water  ia  daaoapoaad  mty  deprive 
MMsli  aobtenaiiaaa  air  af  Ite  oiygaa.  In  this  mannar  wa  might  explain 
Aa  giaal  qnaatitaaa  of  nltiogen  ovotrad  Aoni  voleaaia  rantef  and  theiw 
ml  wataiB*  and  lha  faet  that  air  diaangagad  from  lha  aarth  hi  folaanie 
vagiona  ta  aithar  wholly  or  in  part  dapritad  of  ite  oiygan. 

Sir  H.  Darry,  in  hia  memoir  on  tha  **Plianoniana  of  Volennaa,** 
mwrha^  lhat  tlMra  waa  ovory  raaaon  la  suppoea  in  Vaanvioa  lha  oxia^ 
onoa  of  a daaaandtng  aontnl  of  ahri  and  ha  knaginod  that anbteifanaan 
ooviliaa  wliioh  threw  oat  largo  volnmao  of  ateam  dnrtng  tha  aniption, 
xnight  afterwards,  in  the  quiet  state  of  the  Tolcano,  beeome  filled  with 
atmospheric  air.*  The  presence  of  ammoniacal  salts  in  volcanic  emana- 
tions, and  of  Limniouia  in  lava,  favours  greuily,  says  Ur.  Daubeay,  ihe 
noli  on  ot  air  as  well  as  water  being  deoxidated  tu  the  interior  of  the 
earih.t 

Such  phenomena  admit  of  a  ready  explanation  on  the  principles  of  the 
•cliemioal  theory  of  volcanos,  eousnl*  nd  in  t!ie  last  chapter;  but  are  left 
ctnex;  lane  1  by  liie  hypoihesie  of  ihe  gradual  cootraetioa  of  an  azieriial 
oruat  upon  a  iuid  nodeiia. 

*  PInl.  Trans.  1828. 

t  Ammooia  ia  compoaed  of  hydrogen  and  nitrogea :  or  the  filem^ntit  of  air  wiiixoui 
iteeo^jgn.  flw]liBbeDy,£nc^.  MehESp^fluidOl 
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Importance  tf  attending  to  the  tmseni  volcanic  phen&mcna.-^ln  con- 
cluiliiig  these  remarks  on  the  causes  of  volcanos  and  earthquakes,  I  may 
observe,  that  speculations  and  conieciureM  on  this  obscure  subject  should 
be  eneourap-pd  ;  because  a  great  sti[i  i?^  n^ninfil,  if  «Tpolo^ist«?  nr^  rendered 
more  conscious  ol  the  changes  in  the  c  uilrs  crust  now  going  on  out  of 
iight,  and  under  circumstances  widely  diflerent  from  any  which  can  ever 
come  within  the  sphere  of  human  obserration.  In  estimating  the  effects 
of  existing  caases,  we  are  too  apt  to  confine  onr  views  to  opeimtions  such 
as  we  actually  see  in  progms  Qpan  Ibe  balntable  surface,  regardlet*  oi 
fboM  vfafoh  most  be  going  ob  at  vuioiit  depths  below.  Bat  when  we 
ezenime  llie  geological  straetm  of  the  earth,  we  behold  the  iwvlti  at 
fenier  ptooeaaei  bodi  aebleivaneaii  and  supefficiali  and  fecogniae  an 
OBee  tbe  exaet  agreement  of  many  of  the  avpeili^rfal  ehaa  with  the 
eflteta  of  faiown  cauaea.  To  irhat  agOBey,  thea,  oBghl  wb  to  n/Swt  Ifao 
piieBOBieBB  whidi  atiU  leniani  Boeiplaia#d?  SBielf  BOt  to  iBiagioaiy 
ftveei*  whieh  nay  If  poeafMU^  h«vo  proaiiled  ia  the  iBfsBej  of  Iho 
fhaelf  hBt  mliBr  10  the  umouu  poition  of  that  MilihiBi/  wUeh  la  aliB 
otwofh*  ^tftfaoaBppoaedthaiBpanenhaaBHda  anBbpaofroaa  IB  B 
Ibve^  IwigBafa  GafaBj  far  tBawpIO'  thei»  ia  paiBahif  the  irotha  of 
|fviBg«rthofa»  ha  BBdeiataada  the  BteaaiBf  of  abooilwo-thiida  of  vhal  ho 
leada.  If,  on  taUng  op  a  book  writlaB  tmo  or  Ihioo  oaBtoiiao  ifo,  ho 
ioda  thai  ho  m  oUo  lo  uUorpiot  ahoot  ao  aiBah  of  that  dao»  ho  a^ght 
Batttnttyflondado  thai  the  kngnage  had  foiaoiaad  thoaBBio«  or  naailsr  iho 
BUBO*  dofkig  tho  hrtarvwing  time*  WooMhohavooB)rd«Bbtioapeetiag 
fhia  ideBtll|y»  ftoai  heuig  aadilo  to  eeBiprahaad  #02  that  m  wrinaB  m  Iha 
oldar  Tokno  I  or  woold  ho  ao^  ob  tho  ooatnuy,  thuUt  It  oaTaaoaaaMab 
while  he  tonnhis  ignoraat  of  a  gieot  partof  tho  liflog  language,  to  expael 
to  interpret  every  thing  in  tho  aoeient  book  t 

7?ke  balance  of  dry  landt  how  preserved, — ^In  the  present  stale  of  our 
knowledge,  we  cannot  prcieiitl  lo  esUinaie  the  average  number  of  earth- 
quakes which  may  happen  in  the  course  of  a  single  year.  As  the  area 
of  the  ocean  is  nearly  three  limes  tliat  of  ihe  land,  it  is  probable  ih:ii  nbout 
three  submariQe  earthquakes  may  occur  for  one  exclusively  continental : 
and  when  we  consider  the  great  irequency  of  slight  movements  in  certain 
districis,  we  can  hardly  suppose  that  a  day  ever  passes  without  one  or 
nore  shocks  being  experienced  in  some  part  oi  the  globe.  We  have  also 
aeen  that  in  Sweden  and  otiier  countries,  changes  in  the  relative  level  of 
aea  and  land  may  take  plaoo  without  commotion,  and  these  poihaps  pro* 
doce  the  most  important  geographiaal  and  gaologioal  fhaafaa  (  ior  tho 
position  of  land  may  be  aUofOd  to  a  gvaaMr  amount  by  an  elevataoB  or 
depresaioB  of  ooo  iooh  over  a  vast  area,  than  by  the  sinking  of  a  umbo 
Umlled  tnel,  awh  oa  tho  foioat  of  Aiipao,  to  tho  depth  of  mukj  lathoBW 
atonea.* 

*       pp.  3d0, 381. 
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Ok.  woLj     now  fKumrsn  by  earthquakes.  «r 

It  MdmlMh  Ae  UhrMMIIi  tbm  fim,  iNtthtArat 

nfwahmaAiim  iMVMNttC*  wMmt  iMmiitim  or  otatfuviMi*,  wbcM 
wllh  nr  wiihoal  dlMMfubai,  aoMVOt  oq^li  Miiftdom,  but  it  dmlopcd 

Mm  tfeqdtadftt' lll#tfteiti4reQe*ar  aft^  Ydm^  m^tM  in- 

•oiMidenblA,  wo  m  hardly  doubt  that  daring  the  ages  noOeiiary  for  tho 

fbnnalloii  of  luno  itAeaiiie  cones,  composed  of  thousands  of  lava  currents, 
ilNwIa  mif ht  be  c^verted  into  bfty  mouutains,  and  low  lands  into  deep 
boao* 

In  a  forrripr  chapter,  I  have  stated  that  aqueous  and  igneous  agents  may 
be  regarded  as  antagonist  forces  ;  the  aqueous  labouring  incessantly  to 
reduce  the  inequalitiea  of  the  eartli'a  suriace  to  a  level,  while  the  igneous 
are  equally  active  in  renewin?  the  nnevenness  of  the  surface."  By  some 
geologists  it  has  been  ttioughi  that  the  levelling  power  of  ninnmg  water 
was  opposed  rather  to  the  efevnting  force  of  earthquakes  tiian  to  their 
action  orpnerally.  This  OjMinon  is,  however,  untenable ;  for  the  sinking 
down  of  the  bed  of  the  ocean  is  one  of  ihe  means  by  wiiich  the  gradual  sub- 
tnersion  of  land  is  prevented.  The  depth  of  the  gea  cannot  be  increased  at 
any  one  point  without  a  universal  fall  of  the  waters,  nor  can  any  partial 
depo?5ition  of  sediment  occur  without  the  displacement  of  a  quantity  of 
water  of  equal  volume,  whirfi  will  raise  ilic  sen,  thoti^h  in  an  impercepti- 
ble doi^'^ree,  even  to  the  antipodes,  'i'he  preg(T\'atu!n,  thertiforc,  of  the  tirv 
land  niav  sometimes  be  effected  by  the  subsKlenre  of  part  of  the  earth's 
crust  (that  part,  namely,  which  is  covered  by  the  ocean),  and  in  like  manner, 
an  upheaving  movement  must  tend  often  to  destroy  landf  for  if  it  render 
the  bed  of  ihe  sea  more  shallow,  it  will  displace  a  eertaio  qoaati^  of 
Vater,  and  thus  tend  to  aobmerge  low  tracts. 

Aetmnomers  having  proved  that  there  has  been  no  change  in  the  diame- 
ter of  the  earth  during  the  last  two  thoosatid  years,  we  knay  assume  it  aa 
|«obable,  that  the  dimensions  of  the  planet  remaita  ltairorai.t  If,  theii« 
Ve  iiiitiQile  in  what  Oiander  the  force  of  earthquakes  mnstbe  reguhted,  m 
order  to  reetoro  perpetnally  the  inequalities  of  the  surface  whieh  the  lofel- 
hig  power  of  water  lends  to  eilac  e,  it  will  be  found  that  the  amount  of 
^er^fceaion  fnnat  esoeed  that  of  elevation.  It  would  he  otherwiae  If  iho 
ietloii  6f  Tdcanos  and  mineral  springe  were  ettepended;  for  then  tho 
fbfolaf  ontwarda  of  tho  Mrih'a  onvelopo  ought  lo  ho  ao  moro  ihao  oqoal 
lo  in  iinkittg  in* 

1V>  midariiaBd  ihia  piopoiitioii  tooio  doariy.  It  aiiiit  he  horao  to  mhidy 
tettho  dopoiili  of  rivora  and  eumnti  piohd»lf  add  aa  nnieh  to  tho  height 
«f  lAda  which  aae  fie1og»  aa  they  take  flkon  thoae  whieh  havo  r laa*, 
Boppoeo  a  hngo  rhor  to  hug  dowii  aadiflwiit  to  a  |Mttl  of  ihooeaan  iw« 

dMttMd  ftot  doop*  and  thai  te  depih  of  diia  ^  b  gkodiaUr  lodmd  hf 
tfio  aoooamlation  of  aodioMiit  till  ody  a  ahoal  fo«aiflO|  eotaiad  ly  witor 
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ftt  lufb  Udm  I  if  now  an  upheaving  (am  tlMMild  uplift  tUf  iIimI  id  the 
lMifhtorsoooreel,dieiiiNUwodtf  teaawoBlUAt^  B«t 
had  ibe  mmnent  itittd  die  mum  put  of  Om  botton  of  iheaea  beCoft 

the  eedinMil  of  the  rim  had  filled  il  up,  then,  iaelMd  of  ebaqguiff  • 
ahoal  into  a  mouBtain  WOO  ftet  high,  it  would  0i4gr  h«fO  •DWWlod  a  deep 
sea  into  a  shoul. 

It  appears,  then,  that  the  operations  of  the  earUiqiiake  are  often  aoeh  aa 
to  cause  the  levelling  power  of  water  to  counteract  itself;  and  althovgh 

llu  i<K  a  may  appear  paradoxical,  we  may  be  sure,  wherever  we  find  hiUa 
aaii  laouiiuuiis  composed  of  stratified  deposits,  that  such  inequalitiee  of 
the  surface  woulil  liavu  had  uo  ejwisieiice  if  water,  at  some  former  period, 
had  not  been  labouring  to  reduce  the  earth's  sudace  to  erne  level. 

But,  besides  the  transfer  oi  aiaiier  by  running  water  from  the  conii- 
Dents  to  the  ocean,  there  is  a  constant  iranftporuuitm  IVoni  hrlow  upwards, 
by  mineral  springs  and  volcauic  vents.  As  mounUm  mas^ses  are,  in  the 
course  of  ages,  created  by  the  pouring  forth  of  successive  streams  of  lava, 
so  stratified  rocks,  of  great  extent,  originate  from  the  deposition  of  caiba- 
nate  of  lime,  and  other  mineral  incrredients,  with  wiiich  springs  are  im- 
pregnated. The  surfa -0  ol  the  laud,  and  portions  of  the  bottom  ol  the 
sea,  being  thus  the  external  accessions  due  to  these  operations 

would  cause  ilu>  tlinu  iisiitiis  of  the  planet  to  enlarge  rontimially,  if  the 
amount  of  depression  uf  the  earth's  crust  were  no  more  tlian  equal  to  the 
elevation.  In  order,  thereforr,  tliat  the  mean  diamelt  r  ol  ihe  earth  should 
rem  1111  nnifonn,  and  the  in. evenness  of  the  surface  be  preserved,  il  is 
necessary  that  the  amount  of  subsidence  shouUi  be  in  excess.  And  such 
a  predooiinance  of  depression  is  far  from  improbable,  on  meciianical 
principles,  since  every  upheaving  movement  must  be  expected  either  ID 
produce  caverns  in  the  mass  below,  or  to  cause  some  diminution  of  its 
deoeit/.  Vacuities  mQat»  also,  arise  from  the  subtraction  of  the  matter 
poured  oatfiom  voleanoa  and  mineral  springs ;  and  the  foundations  havinf 
been  thna  weakened,  the  earth's  crust,  shaken  and  rant  by  leilefalad  em^ 
▼ulaions,  rouet,  in  the  coarse  of  tinie»  iali  in. 

If  we  embraee  these  mws,  important  geological  ooQMqnaaaan  wiD 
fioliow ;  ainee^  if  there  ba«  npon  the  whole*  mora  eufaaidooee  than  dnnh 
tion,  the  average  depth  to  wbieh  former  aarfooea  have  annk  baotalh  their 
original  level  mnat  axeead  the  height  which  ancient  merino  alrata  havo 
attained  above  the  aea.  If|  for  example,  marine  strata,  abont  the  age  af 
oar  chalk  and  i^reeo-aand,  have  been  lifted  np  in  Enrepe  to  an  oxttome 
height  of  more  than  eleven  thonaand  foot,  and  a  mean  Ovation  of  ooqm 
hundreds,  we  may  eonclnda  that  oertain  parte  of  the  eniieee,  which  e» 
iaied  when  thoee  strata  were  depoetied,  havo  sonk  to  an  extreme  depth  of 
more  than  eleven  thousand  feet  below  their  original  level,  and  to  a  mean 
depth  of  more  than  a  few  hundreds. 
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In  regard  to  faults,  also,  we  must  infer,  according  to  the  hypothesis 
now  composed,  that  r  greater  number  have  arisea  £rom  the  siukiog  down 
tiian  from  the  elevation  of  rock?. 

Mr.  Conybeare,  and  some  other  writers,  have  contended,  that  the  up- 
bearing  force  of  earthquakes  was  more  energetic  during  remote  geological 
epochs,  and  that  it  has  since  been  gradually  on  the  decline;*  while  M» 
£Iie  de  Beaomont,  on  the  contrary,  maintainst  that  tlie  most  tremendous 

known  eonvultiona  belong  to  limns  eomparatively  modem.!  But  in 
order  to  compare  the  lelative  emoant  of  change  pvodnced*  al  differenr 
periods,  bj  anj  given  canse,  we  most  obtain  some  standard  for  the 
neesnrement  of  time  ai  both  the  periods  compared* 

I  have  shown  that,  during  the  last  two  thousand  years,  oonstderable 
tiaets  of  land  have  been  upheaved  above,  or  depressed  below  their  former 
leveI4  Now,  they  who  contend  that  a  greater  or  less  amount  of  change 
was  formerly  accomplished  in  an  equal  number  of  years,  must  first 
eiplain  the  mode  in  which  they  measure  the  time  referred  to;  for  they 
cannot,  in  gculogy,  avail  themselves  of  the  annual  revolutions  of  our 
planet  in  its  orbit.  If  they  assume  that  the  power  of  volcanos  to  emit 
lava,  and  of  running  water  to  transport  sediment  from  one  part  of  the 
globe  lo  the  other,  has  remained  uiiiiorm  from  the  earliusl  jjcriods,  they 
may  then  ailempt  to  compare  ihe  etlei  Ls  of  subterranean  muvements  in 
ancient  and  modern  times  by  reference  to  one  common  standard  ;  and  lo 
•how  that,  durintr  the  time  required  for  the  production  of  a  rertnin  number 
of  lava  curreius,  or  of  so  many  cubic  yards  of  sediment,  llie  e  levation  and 
depression  of  ihe  earth's  crust  ^vcrc:  once  much  greater  ilian  ihey  are 
now.  Or,  if  they  premise  that  the  progressive  rate  of  ctiange  ot  species 
In  the  animal  and  vegetable  kingdoms  had  been  always  uniform,  they 
may  then  endeavour  to  prove  the  diminished  energy  of  earthquakes,  bj 
showing  that,  in  relation  to  the  periods  connected  with  the  changes  of 
organic  species,  earthquakes  had  become  comparatively  feeble. 

But  ihoee  who  contend  for  the  reduced  activity  of  natural  agents,  have 
not  attempted  to  support  this  line  of  argument;  nor  does  our  scanty 
acquaintance,  both  with  the  animate  and  inanimate  worid,  warrant  such 
g^neraliBations*  That  it  would  be  most  premature,  in  the  present  state 
of  natural  history,  to  reason  on  the  comparative  rate  of  fluctuation  in  the 
epeeiee  of  organic  beings  in  ancient  and  modem  times,  or  at  any  two 
geological  periods,  will  be  more  fully  demonstrated,  when  I  come,  in  the 
next  book,  to  consider  the  intimate  connexion  between  geology  and  the 
•todjr  of  the  present  condition  of  the  animal  and  vegetable  kingdoms. 

•  Phil.  MffT  ,  No  48.  Dec.  fW!V),  p.  402. 

t  Ann.  de«  Sci.  Nat,,  IdSU.— Phii.  Msg.,  iio,  56.  Oot.  J831. 

I  See  Chapters  ?i.  vii.  viii.  and  ix. 
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Tp  opmMfft  il  iMnfui  to  be  rendered  pnMilfta  lyy  Ih^ i^weibove 
«zpluned,  U]itl  tf^e  eonetaiit  repair  ef  the  land,  and  the  mhmtykwj  of 
our  planet  to  the  support  of  terreatrial  as  well  aa  a^nalie  speciest  are 

secured  by  the  elevating  and  depressing  power  of  causes  acting  in  the 
interior  uT  ilic  earth;  which,  ahhough  so  olien  ilie  source  of  death  and 
terror  to  llie  inliabUaiUs  of  ihe  globe — visiting,  ia  succeasioo,  every  zone, 
and  filling  the  earih  wuh  monuments  of  ruin  and  disorder — are,  neverthe- 
less, the  agents  oi  a  conservauve  {iriacipla  aliOYe  aU  Qihera  eaaeauaji  u> 
tiie  stabiiitiX  of  (he  ayatam. 
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CHAPTER  I. 

CHAMOSa  OV  TUX  afLOAiHIC  WOKLD  MOW  IM  FROORUV, 

Division  oi  the  subject — Exammauon  of  the  question,  TVheiher  species  have  a  real 
•sifleaoft  in  natara  ?— ImporUaee  of lUi  qoeatioii  i  a  geology— Sk«leh  of  LtiiWRk*t 
Mfiwwnti  in  tkww  9ti3i»  timnimiitaiiQn  cf  ipeoifli,  antf  iti  ounjfgtiigM  wtiweiii^ 
the  origin  of  ciMAff  Mitiiials  and  pbalt  (p.  4flBI»>--U  Umiiy  of  Ibt  UiMtwim 
tiMi  of  tte  ovng  OQlaiig  into  the  kmnan  ipioiBi. 

Tbm  last  book  WM  occupied  with  the  conitdention  of  Qm  ehangM 
kfought  about  on  Um  Munb*a  tni-face,  wi&hiD  the  period  of  homan  obter* 
TBtioOt  by  inoffuio  a^te;  ftich,  (or  example,  at  rivers,  marine  cttmaUt 
volcanoa»  and  aarthquakes.  But  there  u  another  claaa  of  pbenomana 
falaling  to  the  organie  world,  which  have  an  eqoal  elain  on  our  attantklji* 
IT  wt  dasire  to  obtain  poaieaaion  of  all  the  prepaiatory  knowledge  veapee^ 
tag  the  existing  coaiae  of  nature*  which  may  be  available  in  the  inierpreta* 
tiun  of  geologtoal  monuments.  It  appeared*  from  our  prelininarj  akeleh 
of  the  progreae  of  the  aeience,  that  the  moat  lively  intereat  waa  exetied 
among  ita  earlier  eultivatoni,  by  the  diacovery  of  the  remaioe  of  antmala 
and  plania  in  the  iaierior  6f  mpuntaina  freittieniljr  remote  from  the'eea. 
Much  eontioveraj  aroae  reapecting  the  natnra  of  theae  lemaina,  tlie  caoaee 
which  may  have  broa|p)t  them  into  ao  aingular  n  poaition,  and  the  wani 
oi  n  apectdc  agreement  between  them  and  known  anlmala  and  planta» 
To  qualify  ouraelvee  to  form  joat  viewa  on  theae  curiooa  queatfone,  we 
mnat  fimt  aindy  the  prcaeni  condition  of  the  animate  creation  on  the  globe. 

Thia  branch  of  onr  inquiry  natmally  dividea  ilaelf  into  two  parts ;  tirst, 
we  may  eiamtne  the  vidaaitodee  to  which  apeciea  are  autijeet ;  seeondly, 
the  processes  by  which  certain  individuals  of  tiiese  species  occaBtonnlly 
become  fossil.  The  first  of  these  divisions  will  lead  us,  among  other 
topics,  to  inquire,  first,  whether  species  have  a  real  and  permanent  exist- 
ence ill  nature?  or  w  hciher  ihey  :irc  rap;ibk',  as  suuie  luluralista  pretend, 
of  being  indefinilely  modified  in  ilie  course  ui  a  long  scries  of  generations  t 
Secondly,  whether,  if  species  have  a  real  exisleoce,  ilie  iadividualfi  com- 
Vol.  1.— 3  L 
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pMiog  then  hm  been  dented  origintlly  fram  many  eimiler  etodtt,  or 
eeeh  from  one  only,  the  deacendante  of  which  have  spread  themselvee 
gradually  from  a  particular  point  over  the  habitable  lands  and  waters  ? 

Thirdlv,  how  far  the  duration  of  eacli  species  of  animal  and  plant  is 
liiuiitd  by  its  dependence  on  certain  fluelunling  and  temporary  condiiions 
in  Llie  stale  of  the  aiiiaiate  and  iDaniiiiaU'  world;  FonriliK-,  ^\ti^■lh^^ 
there  be  [)foofs  of  the  successive  cxlci miiuiiion  of  species  in  ilie  ordinary 
course  of  nature,  and  whether  there  be  -auv  reason  for  conjecturing  that 
new  animals  aud  piauts  are  created  from  laue  to  lime,  to  supply  ilieir 
place  ? 

II  litlher  sperifft  have  a  real  existence  in  mUure. — Before  we  can 
advance  a  step  in  onr  proposed  inquiry,  we  must  be  able  to  dt  luu;  pre- 
cisely the  meainng  wliuh  we  attach  to  the  lerm  sjx'oies.  Tins  is  even 
more  necessary  in  geology  than  in  the  ordinarv  stiidK  S  of  ihr  n  anralisl; 
for  iliey  who  deny  that  such  a  tliinsj  a  sp<  r-it  s  cms!-?,  concede  never- 
theless that  a  botanist  or  zoologist  may  reason  as  if  liie  specific  character 
were  constant,  because  they  cunftne  their  observations  to  a  brief  period 
of  time.  Just  as  the  geographer,  in  constructing  his  maps  from  centory 
to  century,  may  proceed  as  if  tke  apparent  places  of  the  fixed  stars 
remained  absolutely  the  same,  and  m  if  no  alteration  were  brought  about 
by  the  precession  of  the  equinoxes  ;  eo*  it  is  said,  in  tb»  Otginie  world, 
the  stability  of  a  speeiee  may  be  taken  as  absolttte,  tf  we  do  not  extend 
eiBr  Tiewa  beyond  the  narrow  period  of  Iranian  biitory ;  bot  let  a  suffieaeof 
iMmber  of  centuries  elapee,  to  alloW  of  imporlaiit  rerolutions  in  dittate* 
phyaical  geography,  and  other  dreaineiamoee,  and  the  characters,  sif 
they,  of  the  deiceiidants  of  eomaoa  paMnHe  mtf  derkle  iadefimlely  hem 
their  Original  type. 

BfoWi  If  theae  doetnnes  bo  tenablef  wo  are  al  onev  pf6aaiiled  with  s 
prineiple  df  inoeaaant  change  fin  llho  oiganie  wofM ;  and  no  degree  of 
dieeimilarify  in  the  plania  and  aninala  which  nay  foniieily  ha?o  omied» 
ahd  are  foond  Ibaail,  would  entitle  na  to  eondBdo  thai  they  may  not  hate 
hecn  tho  prototypea  And  progeoitora  of  <he  apeeiea  now  living.  Aeeoid- 
mgly  M.  Oeoflfroy  9l  Hilaire  hao  dodarad  his  ophtion,  that  then  hai 
heeii  an  tminteimiitod  aneeeaaion  in  the  animal  kingdom,  oiecied  by 
maana  of  gfthemtion,  from  the  eailieai  agea  of  the  woiid  np  to  the  proaenl 
day ;  and  that  the  aoeiettt  anfmala  whoae  rBmalne  have  boew  preeerved 
in  the  aitala,  however  diflhreni,  may  netettheleao  have  beon  the  anoeaiom 
of  thoen  nnw  in  hehig.  Thia  notion  ia  not  v«ry  genevdiy  veeelved,  bnl 
we  are'  not  warranted  in  astnming  the  enntmry,  wttiloat  f^lly  explaining 
the  data  and  reasoning  by  which  ii  may  be  refuted. 

I  shall  bejjin  by  stating^  as  concisely  as  possible  all  the  la<  and  incre- 
niouij  argunu'iils  by  which  the  theory  has  been  supported;  :iiul  lor  ihis 
purpose  1  cannot  do  better  than  ofl'er  the  reader  a  rapid  sketch  of 
LaoiarciL's  statement  of  the  proofe  which  he  regards  as  con^roiatory  of 
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the  dofltrine,  and  which  he  has  clarivad  pardy  fron  Uia  wiMici  of  Ida  pnp 
deeeason  and  in  pari  from  original  infaaUgatiooa. 

His  proofa  and  iDfereacaa  will  be  beat  conaldered  tn  the  order  w  which 
they  appear  to  have  iniuancad  liie  niod,  and  I  ahall  ihen  poiai  out  eonoe 
<if  the  raaulta  lo  which  he  waa  led  while  boldly  foUowing  out  hia  prioei- 
plea  to  thetr  legittaiate  eooamiQeneea. 

Lamarck's  argumentt  in  favour  of  the  transmulation  of  species.'^ 
The  name  of  species,  observes  Laniarck,  been  Ubiially  appUeti  to 
**  every  coUeclion  of  similar  individuuls  proUufied  by  other  individuais 
iikr  iliemselvcs."*  Tliib  defiiiilion,  he  admits,  i^(  orreci;  becanie every 
living  individual  bears  a  very  close  resemblance  to  those  from  wliieh  it 
springs.  But  lliis  is  not  all  which  is  usually  implied  by  the  term  species; 
for  the  majority  of  naturalists  agree  with  Linnaeus  in  supposing  that  all 
the  individuals  propagated  from  one  atoek  have  certain  distinguishing 
eharacteia  in  common,  which  will  never  vaiy,  and  which  have  lemaioed 
the  aaroe  linee  the  creation  of  each  species. 

In  order  to  shake  thia  optnioot  Lamarck  entera  upon  the  following  Hoe 
of  argument:— The  more  we  advanee  in  the  knowledge  of  the  different 
organized  bodiea  which  cover  the  anrface  of  the  globcy  the  mora  onr 
embarraasment  inereaaeat  to  determine  what  ought  to  be  regarded  ai  a 
^ciea,  and  still  more  how  to  limit  and  diatinguish  genera.  In  proper^ 
tion  aa  our  eollecUona  are  enrichedt  we  aee  almoat  every  void  filled  up, 
and  all  our  lines  of  aeparation  effaced  |  we  are  redaced  to  arbitrary  deter- 
minations, and  are  sometimes  fain  to  seize  upon  the  alight  differences  of 
mere  varieties,  in  order  to  form  characters  fur  what  we  choose  to  call  a 
specit  J^ ;  and  ijoaielimes  we  arc  induLed  lo  pronounce  individuals  but 
alighUy  diii'tring,  and  which  others  regard  as  true  species,  lo  be  varielies. 

The  greater  the  abundance  of  natural  objects  assembled  together,  the 
more  do  we  discover  proofs  that  every  thing  passes  by  insensible  shades 
into  something  else:  that  even  the  more  remarkable  clilferences  are  evan- 
escent, and  lhat  nature  has,  for  the  most  part,  left  us  nothmg  at  our  dis- 
posal for  establishing  diatinotiona*  save  tri^g,  and*  in  some  respecU, 
pnerile  particularitiea. 

We  find  that  many  genera  amoagat  animala  and  plants  are  of  such  an 
#xtent,  in  consequence  of  tlie  number  of  speciea  referred  to  them»  that 
the  atudy  and  determination  of  these  last  has  become  almost  iropractieaf 
hie*  When  the  apoeiea  are  arranged  in  a  series,  and  placed  near  to  each 
other,  with  due  regard  to  their  natural  affinities,  they  each  differ  in  so 
minute  a  degree  from  those  next  adjoining,  that  they  almost  melt  into 
each  other,  and  are  in  a  manner  confounded  together.  If  we  aee  isolated 
epeciea,  we  may  presume  the  abaence  of  some  more  closely  connected, 
and  which  have  not  yet  been  discovered.   Already  are  there  general  and 
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even  entire  oiden-^tj*  whole  el&nei,  whieh  preeent  en  approzlmatioii 
to  the  state  of  tilings  here  indicated. 

Iff  when  speeiet  have  been  thus  placed  in  a  regnlar  series,  we  select 
one,  and  then,  making  a  leap  over  several  intermediate  ones,  we  take  a 
second,  at  some  distance  from  the  first,  these  two  will,  oi\  comparison, 
be  seen  lo  be  very  dissimilar ;  and  il  ii  iii  ihus  luaaner  ihal  every  naluralu-^l 
begins  lo  study  t!ie  objects  which  are  at  his  own  door.  He  then  finds  it 
an  easy  lask  to  establish  generic  and  specific  distinctions  ;  and  it  is  only 
when  liifi  experience  is  enlarged,  aud  wlien  he  has  made  himself  master 
of  the  inlerraediaie  links,  thai  lud  difHculties  and  ambignilies  begin.  But 
while  we  are  thus  com  polled  lo  resort  to  trifling^  and  minute  characters  m 
our  attempt  to  separate  species,  we  find  a  sinking  dispai  iiy  between  indi- 
viduals which  we  know  to  have  descended  from  a  coram<^ii  stock;  and 
these  newly  arrjuircd  pcciiliririties  are  regularly  transmitted  frooi  one 
generation  to  anoihcr,  constituting  what  arc  called  rncrs. 

From  a  great  number  of  facts,  continues  the  author,  we  learn  that  in 
proportion  as  the  individuals  of  one  of  our  species  change  their  situation, 
climate,  and  manner  of  living,  they  change  also,  by  little  and  little,  the 
Gonaistence  and  proporitona  of  their  parts,  their  foraif  their  faculties,  and 
even  their  organization,  in  such  a  manner  that  every  thing  in  them  comae 
at  last  to  participate  in  the  mutations  to  which  they  have  been  exposed, 
^▼en  in  the  same  climate,  a  great  difference  of  situation  and  exposure 
eaunea  individuals  to  vary;  but  if  these  individuals  oontinue  to  live  and  to 
be  lepfoduced  under  the  same  difference  of  circumstances,  distinciiona 
eie  brought  about  in  them  which  become  in  soma  degree  easential  to 
their  existence.  In  a  word,  at  the  end  of  many  successive  generations, 
tbeee  individualsi  which  originally  belonged  to  another  species,  are  trana- 
formed  into  a  new  and  distinct  species.* 

Thus,  for  example,  if  the  seeds  of  a  grass,  or  any  other  plant  whieh 
grows  naturally  in  a  moist  meadow,  be  accidentally  transported,  first  lo 
the  slope  of  some  neighbouring  hill,  where  the  soil,  althongh  at  a  greater 
elevation,  is  damp  enough  to  allow  the  plant  to  live;  and  if,  after  having 
lived  there,  and  having  been  several  times  regenerated,  it  reaches  by 
degrees  the  drier  and  almoat  arid  soil  of  a  mountain  declivity,  it  will  then, 
if  it  succeeds  in  growing,  and  perpetuates  itself  for  a  series  of  genec»> 
tions,  be  so  changed  that  botanists  who  meet  with  it  will  regard  it  as  a 
particular  species.t  The  unfavourable  climate  in  this  case,  deficiency  of 
nourishment,  exposurt;  to  the  winds,  anci  other  causes,  give  rise  lo  a 
stunted  and  dwarfish  race,  with  some  org^an  more  developed  than  otiiers, 
and  having  proportions  often  quite  peculiar. 

What  nature  brings  about  in  a  great  lapse  of  lime,  we  occasion  suddenly 
by  changing  the  cin  u instances  in  which  a  species  has  been  accustomed 
to  live.   AU  are  aware  thai  vegeubies  taken  from  their  tiirih-piace,  and 

*  Pkil  Zool.,  torn.  i.  p.  62.  t  Ibid. 
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culttvaled  in  gardens,  undergo  changes  wliuh  render  ihem  no  longer 
recognisable  as  the  same  plants.  Many  whicli  were  naturally  hairy  become 
•moolh,  or  nearly  so  ;  a  great  nnmher  of  such  as  were  creepers  and 
traileil  alonor  (he  ground,  rear  llu  ir  rtialk»  and  grow  erect.  Oiliers  lose 
their  ihoriis  or  asperites;  others,  again,  from  the  ligiK  tM  s  stale  which 
their  i^lem  p  ):=s*'5sed  in  liot  climntc*,  u  lini  ihcy  were  iiuliLrenous,  pass 
to  tilt  li('i  h;u  t  ons ;  and,  among  ihem,  some  whirli  were  perennials 
become  mere  annuals.  So  well  do  botanists  know  the  effects  of  such 
changes  of  eircQiDStancee,  that  they  are  aver^^e  to  describe  ipeciea  from 
garden  apecimens,  aoleaa  thej  are  sore  thai  they  hate  baea  eulUvated  lor 
a  rery  short  pcriofl. 

**Im  not  the  cultivated  wheat"  (Drilieum  »aiivum)f  aaka  Lamarck, 
**  a  vegetable  brought  by  man  into  the  atate  in  which  we  now  see  it !  Let 
any  one  tell  roe  in  what  country  a  aimilar  plant  growa  wild,  onleaa  where 
h  haseaeaped  ffom  enltlvated  fields  ?  Where  do  we  find  in  natoreonreab- 
begea,  lettocea,  and  oifaer  cnlioary  vegetablea,  in  the  atate  in  which  they 
appear  in  our  gardena !  la  it  not  the  aame  in  regard  to  a  great  quantity 
of  aninals  which  domeatieity  has  changed  or  eoneiderably  nodded!"* 
Onr  dooieatte  fowU  and  pigeona  are  unlike  any  wild  biida,  Oor  doniee* 
tie  doeka  i^od  geeae  hare  loat  the  faculty  of  raising  themeelvea  into  the 
higher  regions  of  the  air,  and  creasing  eztenaire  countriea  In  their  flight, 
like  tfte  wild  ducka  and  wild  graeee  from  whieh  they  were  originally 
derived*  A  bird  which  we  breed  in  a  cage  cannot,  when  restored  to 
liberty,  fly  like  others  of  the  aame  apeciee  which  hare  been  alwaya  free* 
This  email  alteration  of  eireumatanoea,  however,  baa  only  diminlahed  the 
power  of  iligiii,  witboat  modifying  the  form  of  any  part  of  the  ivings. 
But  when  individuals  of  the  same  nee  are  retained  In  captivity  during  a 
considerable  length  of  time,  the  form  even  of  their  parte  ts  gradually 
made  to  differ,  especially  if  climate,  nourishment,  and  other  circum- 
stances be  abo  aliered. 

The  numeruu:^  races  of  dogs  w  l»i  li  we  litive  produced  by  domesticiiy 
are  nowhere  to  be  found  in  a  wild  sciic  in  nature  we  should  s^cck  in 
vain  for  ir.a.siiflTs,  harriers,  spaniels,  gre)  huimd!<,  and  other  races,  between 
which  the  dilTerences  are  somclimcs  so  ^reat  that  llicy  would  be  readily 
admitted  as  specilic  between  wild  animals;  "yet  all  these  have  pprung 
originally  from  a  single  rjce,  at  rtrsl  approaching  very  near  to  a  wolf,  if, 
indeed,  the  wolf  be  not  the  true  type  which  at  some  period  or  other  waa 
domesiicatpd  by  man." 

Ahhou*fh  nnportant  changes  in  the  nature  of  the  places  which  they 
inhabit  modify  the  organization  of  animals  as  well  vegetables,  yet  ihe 
former,  f-jvs  Lamarck,  require  more  time  to  couij>lele  a  consuicrable 
degree  of  Irausmuialion  ;  and,  consequently,  we  nrc  !f^s  yen^iihie  of  such 
ocoorrettcea.   Next  to  a  diveraity  of  the  medium  in  which  ammala  or 

*  Phil.  jSool.,  torn.  i.  f.  227. 
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fJaali  may  live,  Um  oiic— wimniw  whS«h  ham  MM  lafl— iwe  m  mUQr- 
ing  their  organs  un  diflflrauMt  in  •spMon*  oUoMto,  Ilur  aiton  «f  ilw 
•oil,  Md  olAimr  «kH»l  parlkubf*.  TbM  eiieupMUioet  v»  at  vwM  as 
tia  lh«  ohtraeiMi  of  the  epeeiee,  ead,  llice  thea»  peee  by  inetaiiUe  - 
ehadee  into  ^ch  niher,  there  being  every  interaiocliate  grtdatioA  between 
tbo  opposite  extremes.  But  each  locality  remains  fur  a  very  long  time 
the  baiiie,  and  is  altered  so  slowly  that  we  can  only  become  conscious  of 
the  reality  of  the  change  by  consulting  geological  monumenls,  by  which 
we  k'uni  Llial  llie  order  ol  iluiigs  which  iiuw  n  igns  in  each  place  has  not 
always  prevailed,  auU  by  xnfereacc  axiUcipale  thai  it  will  not  always  coa- 
tiuue  the  same.* 

Every  considerable  alteration  in  the  local  circumstances  in  which  each 
race  of  animals  exists  causes  a  change  in  iheir  wants,  and  these  new 
warns  excite  them  to  new  actions  and  habits.  These  actions  require  the 
more  frequent  employment  of  some  parts  before  but  slightly  exercised, 
and  then  greater  developuient  follows  as  a  consequence  of  tfieir  more  fre- 
quent use.  Other  org;ins  no  lon^'^er  in  use  are  impoverished  and  dimin- 
ished in  size,  nay,  are  some  tmif  .s  entirely  aiiijihilnted,  while  in  their 
place  new  jparts  are  iuMiuibiy  produced  for  the  discharge  of  new  fmie- 
lions.t 

I  must  here  interrupt  the  author's  argument,  by  obscrvmg,  that  no  posi- 
tive fact  is  cited  to  exemplify  the  substitution  of  some  eniirdy  new  sensi^ 
£iculty,  or  oi|[an,  in  the  room  of  some  other  suppressed  as  useless.  AH 
the  ioetaiices  adduced  go  only  to  prove  that  the  dimensions  and  etiei^lh  ef 
membere  and  the  per/iBetion  of  certain  attributes  tuy,  ia  a  longeoflcwiiiea 
of  generations,  be  lessened  and  enfeebled  by  disuse ;  or»  oa  the  eoolrary, 
be  matered  and  augmented  by  aetive  exertion  ;  just  as  we  know  that  the 
power  of  soent  is  feeble  ia  the  greyhound,  while  its  swiftness  of  pace  and 
its  aenteness  of  sight  are  remarkable^that  the  harrier  and  stsf^iouiid,  on 
the  eonlrary,  are  eonparatively  slow  in  their  mofeniMitai  but  eioel  in  the 
sense  of  smeliing* 

y  ^It  was  neeessary  to  point  ovt  to  the  rsader  this  important  ehaim  in  the 
ehain  of  eYidence,  beeanse  he  might  otherwise  imegine  that  I  had  meidy 
omitted  the  illastrations  for  the  sake  of  breTity«  bat  the  plain  tmih  is^ 
that  there  were  no  examples  to  be  found ;  and  when  Lamaiek  talks  of 
the.eflbrts  of  internal  sentiment,"  <«the  bilnence  of  eobde  dnids,''  and 
**aets  of  organization,"  as  causes  whereby  animals  and  plants  may 
acquire  new  organs,  he  siibslilutes  names  for  ihinirs  ;  and,  with  a  disre- 
gard to  the  stric't  rules  ol  iiuluelion,  itiiorts  to  liclioiii?,  as  i(Je;iI  ns  the 
plastic  virtue,"  and  utlier  phautoms,  of  the  geologists  ui  liie  miuuie 

It  is  evident  that^  ii'  some  weli-aulhenticated  iacis  couid  have  been 
•  FUl.  £0oL,  torn.  I.  |i  m.  t  Ibid.,  p.l9«. 
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tddoeed  to  ettabltfh  «m  omnplote  flap  in  the  proeeM  of  tfrnntfoinivlimiy 
■oeh  M  the  appemneef  In  indlvidaalt  demndiDg  from  a  oommon  atoekt 
•f  a  aeiMO  or  organ*  enlifaly  new,  and  a  complete  diaappearanee  of  some 
other  enjoyed  by  their  progenitors,  time  alone  might  then  be  supposed 
sufTicienl  to  bring  about  any  amount  of  metamorphosis.  The  gratuitous 
assumpuon,  therefore,  of  a  point  so  vital  to  the  theory  of  transmutation, 
was  unpardonable  on  the  pari  of  us  advocaie. 

But  to  procettl  with  the  system:  it  being  assumed  as  an  undoubted 
fact,  that  a  cliannre  of  external  circumstances  mnv  cause  one  organ  to 
btroine  eiuirclv  f)l isolcte,  and  a  new  one  lo  he  developed,  iuch  as  never 
before  beh^ti^:*  d  lo  die  ^|)^rics,  the  following  j)roposiiion  is  announced, 
which,  however  staggering  and  absurd  it  may  eecm,  is  logically  deduced 
from  the  assumed  premises.  It  is  not  the  organs,  or,  in  other  words, 
the  nature  and  form  of  the  parte  of  the  body  of  an  animal,  which  have 
given  rise  to  ita  habits,  and  its  particular  facultiea ;  but,  on  the  contrary* 
ita  habits,  ita  manner  of  living,  and  those  of  its  progenitora,  have  in  the 
•oorae  of  time  determined  the  form  of  ita  body,  the  number  and  condition 
of  its  organa,  in  abort,  the  facultiea  which  it  enjoya.  Thua  ottera,  bea- 
▼era,  water-fowl,  turtlea,  and  froga,  were  not  made  web-lboted  in  order 
that  they  might  swim ;  but  their  wants  having  attracted  them  to  the  water 
in  seareh  of  prey,  they  stretched  ont  the  toes  of  their  feet  to  strike  the 
water  and  move  rapidly  along  its  anrfaee.  By  the  repeated  stretching  of 
their  toes,  the  skin  which  united  them  at  the  baas  acquired  a  habit  of 
extenaion,  until,  in  the  conrae  of  time,  the  broad  membranea  which'now 
connect  their  extremities  were  formed. 

In  like  manner,  the  antelope  and  iht;  gazelle  were  not  endowed  with 
li^ht  n^do  forms,  in  order  that  they  might  escape  hy  flight  ffom  carnivo- 
roiiti  anifiialb;  but,  having  been  exposed  to  the  danger  of  being  devoured 
by  lions,  tigers,  and  other  beasts  of  prey,  they  were  compelled  to  exert 
themselves  in  running  with  great  celerity;  a  habit  which,  in  the  course 
of  many  generations,  gave  rise  to  the  peculiar  sleuderuess  of  their  lege, 
ajid  ihe  auihty  and  elegance  of  their  forms. 

The  cameJopard  was  not  criftcd  with  a  long  (lexihle  neck  because  it 
was  destined  to  live  in  the  interior  of  Africa,  where  the  sriil  was  arid  and 
devoid  of  herbage ;  but,  being  reduced  by  the  nature  of  that  country  to 
aupport  itself  on  the  foliage  of  lofty  trees,  it  contracted  a  habit  of  stretch- 
ing itself  up  to  reach  the  high  boughs,  until  its  fore  legs  became  longer 
than  the  hinder,  and  its  neck  so  elongated  that  it  could  raise  its  head  to 
the  height  of  tAventy  feet  above  the  ground. 

Another  line  of  argtiment  is  then  entered  upon,  in  further  corroboration 
of  the  ioatability  of  apecies.  In  order,  it  is  said,  that  individuals  ahouid 
perpetuate  themaelvea  unaltered  by  generation,  Uiose  belonging  to  one 
apeciea  ought  never  to  ally  themaelvea  to  thoae  of  another;  but  such 
sexual  nniona  do  take  place»  both  among  plants  and  animab ;  and  although 
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the  offtpriif  of  moh  iri«g«lw  MOMxioot  am  iiMnlly  •tocil**  yet  sueh  ii 
not  alwayt  the  HybrlAi  have  aomtluiw  pmted  pfolii«»  whM 
Ihe  disparity  botwaao  tha  apaeiaa  waa  not  too  pnii  and  by  lliia  moani 
alone,  aaya  Laauurek,  miatiea  nay  gradually  be  cicalad  by  naaf  alUaoees, 
vbioh  woold  beeome  raeea«  aad  In  tbe  cwiiae  of  tine  would  ooMtiloio 
what  we  tenn  speciea.* 

But  if  the  aouodneaa  of  all  iheae  argmnenta  and  infeianaea  be  «]flBitiad» 
we  aie  next  to  iRquira,  what  were  the  original  typea  of  fom,  organlxep 
tten,  and  inaiinet,  from  which  die  diYeiaitiea  of  etmetar,  aa  now  exhibilod 
by  animala  and  planta,  hafo  been  derived  t  We  know  thai  iaditidnab 
which  are  mere  varietiea  of  the  aame  apeciea  would«  if  their  pedigr^ 
eoold  be  traced  beck  far  enough,  terminate  in  a  single  stock;  eo»  aooord* 
ing  to  the  train  of  raaaoning  before  deacribed,  the  apeeiee  of  a  gmme,  end 
even  the  genera  of  a  great  CiinUy,  most  have  had  n  common  point  of  de> 
partnre.  What,  then,  was  the  single  stem  from  which  ao  many  varietiee 
of  farm  have  ramified  ?  Were  there  many  of  tliese,  or  are  we  lo  refer 
the  origin  of  ilie  whole  animaie  creaiioa,  a^>  ilie  Egyptian  priests  did  that 
of  the  universe,  lo  a  si!><jle  egjf  ? 

In  ihe  ahsencp  of  any  pogitive  data  for  framing  a  theory  on  so  obscure 
a  subject,  die  following  consideraiionit  were  deemed  of  imporuace  to 
guiile  c{»njt*ciure. 

Ill  the  first  place,  if  we  cxaniuie  the  whole  scries  of  kauwii  animals, 
from  one  extremity  to  the  other,  when  thpy  are  arranged  in  the  order  of 
their  natural  relauuns,  we  find  that  we  may  pass  jirt>grrsH\ ( ly,  or,  at 
lenst,  with  very  few  interruptions,  from  beinsrs  of  more  simple  to  tliosc 
of  a  more  compound  slrurlure;  nm\,  in  propur  imi  as  the  complexity  of 
their  organization  increases,  ihf  iimhiIk  r  and  dignity  of  their  faculties  in- 
crease also.  Amon?  plnnis,  a  miihI ar  approximation  lo  a  graduated  scale 
of  being  is  nppaK  im.  Secondly,  it  appears,  from  geological  observation?, 
that  plants  and  animals  of  more  simple  organization  existed  on  the  globe 
before  the  appearance  of  those  of  more  compound  structure,  and  the  iatier 
were  successively  formed  at  more  modern  periods;  each  new  race  being 
more  fully  developed  than  the  most  perfect  of  the  preceding  era. 

Of  the  truth  of  the  last-mentioned  geological  tlieory,  Lamarck  seems  to 
have  been  fully  persuaded;  and  he  also  shows  that  he  was  deeply  im- 
pressed with  a  belief  prevalent  amongst  the  older  naturalists,  that  ihs 
primeval  ocean  invested  the  whole  planet  long  after  it  became  ilie  habita- 
tion of  iiviog  beings;  and  thus  he  was  inclined  to  assert  the  priority  of 
the  types  of  marine  animals  to  those  of  the  terrestrial,  so  aa  to  fancy,  for 
example,  that  the  teeiacea  of  the  ocean  existed  first,  until  some  of  them« 
by  gradual  evolution,  were  improved  into  those  inhabiting  the  land* 
\These  speculative  views  had  already  been,  in  a  great  degreOt  antici- 
pated by  Demaillet  in  his  TeUiamed,  and  by  several  modem  writeifi  ae 

•  rUL  Sool.,  ^  61. 
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that  <be  lUm  itm  mmmfMiy  tiinMd  urn  A*  pfaHotopbeii  nUiQailj, 
with  vim  It  wM  «  TOMirci  ainlmt  tbiit  eieated  thlBgi  «m  ilwi^ 
MHt  perllMsi  when  ihey  came  fint  tnm  the  faands  of  tbcir  Maker;  nd 
Hhmi  thm  waa  a  tandeBcy  te  pragnanta  dalarioiatiaB  is  adtaaiy  lUaii 
wImo  laA  to  lhaflueiTe»— 

■ 

— —  omnia  fktts  * 
In  pejiui  rosra,  ae  teli^  rabUpw  relbttL 

80  deeply  was  the  fniili  o{  the  ancient  t-chools  of  philosophy  imbued 
u  iili  iliis  doctrine,  thai,  lo  check  this  universal  pronencss  to  dej^eneracy, 
nutiinvi^  less  than  the  re-intervention  of  the  Deity  was  lliourrlu  adequate ; 
and  it  wns  hold,  lliat  therehy  the  order,  excellence,  and  prisLiQe  energy 
Ol        iiii)r:il  and  physical  world  hnd  been  n^pcntedlv  restored. 

lUi  I  wltt  n  I  lie  possibility  of  the  indeiinite  modification  of  individuals 
descending  from  common  pareuta  was  once  assumed,  as  also  die  geologi- 
cal inference  respecting  the  progressive  detalopment  of  organic  lifo,  it 
«aa  aatoral  tbal  the  ancient  dogma  should  be  lejected,  or  rather  reveiaaiU 
■■d  thai  the  roost  simple  and  imperfect  foraw  aad  fiwoUies  should  be  ee»> 
eeived  to  haie  been  the  oiigiiiala  whenea  all  elbeia  waaa  defaioped.  ▲»* 
eerdingly,  in  conformity  to  these  tiewa,  inert  naUer  wm  anppoiad  to 
have  ^een  ^t  eadowad  with  life  1  witili  la  tbe  eaone  of  agee,  aaniiiioa 
wm  aupefadded  to  men  TitaUlj:  eighty  haatiiig»  and  the  other  aasiee 
were  alWwaide  acquired;  then  iaethict  aad  die  flaental  tenltiea; 
imStyt  ▼utee  of  the  teodaney  of  thbga  to  pr§grmli99  mprdvmmmit 
the  inatiooal  waa  deieloped  Into  tbe  iHioaaL  * 

The  reader,  howeter,  will  ianiedialely  perceive  that  when  all  the 
higher  order  of  ideate  and  ■niawdi  were  thaa  suppoaed  le  be  eonperatNalj 
■Mdeni,  and  to  have  heea  derived  m  a  long  seriee  of  geaeraiioaa  fteoi 
those  of  more  simple  conformation,  some  further  hypothesis  beeune  indta- 
pcmsable,  in  ortlcr  10  oxpiaia  why,  after  an  indeiinite  lapse  of  ages,  there 
were  still  so  many  buiugs  of  the  simplest  structure,  ^^'hy  liavc  die  ma- 
joriiy  fit  existing  creatures  remained  statiouaiy  ihruiii^dioui  ihis  long  suc- 
cession oi  epochs,  while  others  have  made  such  prodigious  advances? 
Why  are  there  such  multitudes  of  infusoria  and  polyps,  or  of  confervae 
and  other  crvptoi^amic  plants?  Why,  moreover,  has  the  procees  of 
development  actc  d  u  uli  sueh  nneqnal  and  iin-irular  force  on  those  classes 
of  beings  wlm-h  havi;  been  greatly  perlecied,  so  that  there  nre  wide 
chasms  in  the  series ;  gaps  so  enormous,  that  Lamarck  £urly  admita  we 
can  never  expect  to  fill  tbeai  np  by  fatare  discoveries  f 

The  Mlewing  hypothesis  was  provided  to  meet  these  objections. 
Natuie»  we  are  tdkl,  ia  nol  aa  iatelligence,  nor  the  Deity  ;  but  a  del^ 
fated  power — a  mere  iaalniment^a  piece  of  aieefaanism  acting  by  neeea* 
ntj— aa  order  of  thioge  eoaetitated  by  tbe  Snpraaie  Beiag»  and  subject  to 
lawe  which  are  the  expieaaiona  of  hie  wUU  Hue  Naloie  ie  obHgtd  to 
Vox»  L-^  M 
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proceed  j^adually  in  all  her  operations ;  ihe  caneot  produce  aiffmals  and 

plants  of  all  classes  at  once,  but  must  always  begin  by  the  formation  of 
the  most  simple  kinds,  and  out  of  ihem  elaborate  ihc  more  coiDpound, 
adding  tu  them,  successively,  diilerent  systems  of  organs,  and  mulupiying 
more  and  more  their  number  ami  energy. 

This  Nature  daily  engagcil  in  ilie  rornialion  of  the  elementary  nnJi- 
ments  of  animal  and  ve^t  uble  existence,  which  correspond  lo  what  the 
ancients  termed  sponfaiK  ous  generation.  She  is  always  hi  L'^inniiig^  anew, 
day  by  day,  the  work  of  creation,  by  forming  monads,  or  "  rougli  draughts" 
(ebauches),  which  are  the  only  living  things  she  gives  birih  to  direct!}/. 

There  are  distinct  primary  rudiments  of  plants  and  animals,  and  ptvbof 
bly  of  each  of  the  great  divisions  of  the  animal  and  vegetable  kingdoms.* 
These  are  gradually  developed  into  Ihe  higher  and  more  perfect  classes  by 
the  slow  bal  unceaeing  agency  of  two  influential  prineiplce :  first,  ttu 
imdmeyio  pragrtinw  advaneemitti  in  organization,  accompanied  by 
gfoater  dignity  in  intelligence,  Ac ;  aecondlyt  the  force  of  external  eir- 
emnetaneeet  or  of  variations  in  the  phyaical  condition  of  the  earth«  or  the 
mutual  relationa  of  plants  and  animalc*  For,  as  epeeiea  spread  them- 
selves gradually  over  the  globe,  they  are  exposed  from  time  to  time  to 
variations  in  climate,  and  to  changes  in  the  quantity  and  quality  of  their 
Ibod ;  they  meet  with  new  plants  and  animals  which  assist  or  retard  their 
development,  by  supplying  them  with  nutriment,  or  destroying  their  foes. 
The  nature,  also,  of  each  locality,  is  in  itself  fluctuating ;  so  that,  even  if 
the  relation  of  other  animals  and  plants  were  invariable,  the  liabits  and 
orsranizuiiuu  of  species  would  be  moditied  by  tlie  iuilueQce  of  local  revo- 
iuLions. 

Now,  if  the  first  of  these  principles,  the  tendency  to  progressive  develop- 
menlt  were  left  to  exert  itself  with  perfect  freedom,  it  would  ^ive  rise, 
says  Lamarck,  in  the  course  of  a^es,  to  a  graduated  bcalt;  ul  being,  where 
the  most  insensible  transition  might  be  traced  /rom  the  simplest  to  the 
most  compound  structure,  from  the  liumblest  to  the  most  exalted  degree 
of  intelligence*  But,  in  consequence  of  the  perpetual  interference  of  the 
external  caueee  before  menlioned,  this  regular  order  is  greatly  interfered 
with,  and  an  approximation  only  to  such  a  state  of  things  is  exhibited  by 
the  animate  creation,  the  progress  of  some  races  being  reurded  by 
nnbvourable,  and  that  of  others  accelerated  by  favourable,  combinations 
of  circumstances.  Hence,  all  kinds  of  anomalies  interrupt  the  continuity 
of  the  plan  $  and  chasms,  into  which  whole  genera  or  families  miglit  be 
inserted,  are  seen  to  separate  the  nearest  existing  portions  of  the  series. 

Lanutrei^e  theory  of  the  tranrformatUm  if  the  Orang'Outang  into  the 
kmutn  igM»tet.*-Sttch  is  the  machinery  of  the  Lamarekian  system  ;  bat 
tho  loador  will  hardly,  perhaps,  be  able  to  form  a  perfect  conception  of  so 

*  Animaux  »ant  Vert.  torn.  i.  p.  56.  introduction. 
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eomplieatod  a  fneea  of  OMchtiiifiin,  unlera  it  It  exhibited  in  motion,  so 
that  we  may  see  in  whet  manner  it  can  work  out,  under  the  author's  gui- 
dance, all  the  exlraorUiaary  elTects  which  we  beliuid  in  ihe  present  state  of 
liie  aiDMKiie  creation.  I  have  only  space  for  exiubiling  a  small  part  of 
the  eiiiite  process  by  which  a  c<)in|)U  te  inctainorphosis  is  achieveU,  and 
shall,  therefore,  omit  the  mode  by  wluch,  alter  a  cuuniiess  succession  of 
generaiions,  a  small  gelatinous  body  is  transformed  into  an  oak  or  an  ape  ; 
pnsslug  on  at  once  to  tlie  last  grand  step  in  the  progressive  scheme,  by 
whici\  ilie  orang-outang,  having  been  already  evoived  out  of  a  moiuuly  ia) 
made  slowly  to  attain  the  attributes  and  dignity  of  man. 

One  of  the  races  of  qoadrumanous  animals  which  had  reached  the 
highest  atate  of  perfection,  lost,  by  constraint  of  circumstances  (concern- 
ing the  exact  nature  of  which  tradition  ia  uafortunately  silent),  the  habit 
of  climbing  trees,  and  of  hanging  on  by  graaping  the  boogha  with  their 
feet  aa  with  handa*  The  individuala  of  thia  nee  being  obl^ed,  for  a  long 
aariea  of  generationa,  to  aae  their  feet  exduaively  for  walking,  and  eaaa- 
ing  to  employ  their  handa  aa  feet,  were  tranaformed  into  bimanona  aai* 
mala ;  and  what  before  wero  thamba  became  mere  toea,  no  separation 
being  required  when  their  feet  were  need  aoiely  Ibr  walking.  Having 
aeqnired  a  habit  of  holding  themaelvea  upright,  their  lege  and  feet  aaanmed, 
insensibly,  a  conformation  fitted  to  support  them  in  an  erect  attitude,  till 
at  last  these  animala  oould  no  longer  go  on  all-fours  withoiit  much  incou- 
▼enience. 

The  Angola  orang  (-Simia  troglodyteSy  Linn.)  is  the  most  perfect  of 
animals;  much  more  so  than  the  InciKui  orang  {  Sunia  AV;/yrMs),  which 
has  been  called  the  oranpr-outang,  although  both  urc  vrrif  inferior  lo  many  in 
corporeal  powers  and  uiU'lltfrence.  These  animals  irequently  lioki  them- 
selves upright ;  but  their  orgaiuzatioii  hd»  not  yet  been  sutiiciently  mo- 
dified to  sustain  them  habitually  in  this  altitude,  so  that  the  standing 
posture  is  very  uneaay  ^them.  When  the  Indian  orang  is  compelled  to 
take  flight  from  pressing  danger,  he  immediately  falls  down  upon  all- 
foure,  ahowiag  clearly  that  this  was  the  original  position  of  the  animal* 
Even  in  n»D,  whoae  ofganixation,  in  the  cooxae  of  a  long  aeriea  of  gODO> 
rationat  haa  advanced  ao  mnoh  farther,  the  upright  poatnve  ia  fatlgiung,  and 
can  bo  anpported  only  for  a  limited  time,  and  by  aid  of  the  oontraetion  of 
many  mnaclea.  If  the  vertebral  column  formed  the  azii  of  the  human 
body,  and  aopported  the  head  and  all  the  other  parte  in  equilibrium,  then 
might  the  upright  position  be  a  atate  of  repoee :  but,  as  the  human  head 
doea  not  articulate  in  the  eentre  of  gravity,  as  the  cheat,  belly,  and  other 
parts  press  almost  entirely  forward  with  their  whole  weight,  and  aa  the 
vertebral  column  reposes  upon  an  oblique  base,  a  watchful  activity  ia 
required  lo  prevent  the  body  from  falling.  Children  which  have  large 
heads  and  prominent  bellies  can  hardly  walk  at  the  end  even  ui  two  years  i 
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nd  their  frequent  VusMm  MmtM  tti# Bluwd  t—lapcy  in  ibmi  Id nmnam 
di«  qvadrupedal  itate. 

Nov,  wbea  •»  miieb  pngnm  had  been  made  hj  tkv  qpadriMBoai 
aalnnlt  befem  nmntionnd,  thai  tli«y  oonld  hold  thamielvnn  habitnallj  in 
in  nraet  aiiluidn»  and  ivm  aMatomod  to  a  wido  nnfo  of  viaioiu  and 
eoaiad  to  naa  their  Jawn  for  fighting  and  tearing^  or  for  ctipping  hovbo  for 
foodf  thair  anottt  baoaoM  gvadoaUy  thorlor,  thoir  inaiaor  taath  boeawo  Tet> 
tkal*  and  the  foeial  angle  gfaiv  mom  opan* 

Among  otbar  Maaa  whieh  the  aatnial  Undmcy  to  pcrjccAom  oifaiH 
dered«  the  deatra  of  miing  suggealad  itaalf,  and  thta  laeo  aoaaaodod  m 
length  in  getting  tho  beHer  of  tbo  olhor  amnak,  and  ando  tfaemaelm 
masters  of  all  those  spots  on  tho  andaeo  of  the  globe  which  best  suited 
them.  They  drove  out  the  animals  which  approached  nearest  them  n\ 
organization  and  intelligence,  and  which  were  lu  u  cudJiUoii  to  dispute 
with  iheni  ilie  o;o(h1  ihings  of  thus  world,  lurcinf^  them  to  lake  refuge  in 
deserts,  woods,  and  wildernesses,  where  their  muiiipiicaiiua  was  checked, 
and  the  progressive  development  of  their  faculties  retarded;  while,  in 
the  mean  lime,  llie  duminant  race  spread  itself  in  every  direction,  and 
livecl  in  lar^  companies,  where  new  wants  were  suecessivelv  cr<:ai(;d, 
ex(  itiniT  them  to  industry,  and  gradnaUy  perieciiog  theu  maana  and 
liKulties. 

In  the  supremacy  and  increased  intelligence  acquired  by  the  ruling 
neo,  wo  aeo  an  illustration  of  the  natural  tendency  of  the  organic  winid 
to  grow  moro  porfect ;  and,  in  tlioir  Influenoo  in  M|iiessing  Iho  advanon  of 
oIlMta,  an  onnpla  of  one  of  tboao  disturbing  oanaaa  before  annmritad, 
Aal  firm  if  external  etrmmUomm^  whieh  caneea  anoli  wide  dwMM  in 
tbo  regohur  aonea  of  aninMled  being. 

Whan  tbo  indifidoab  of  tba  doBinaat  laoo  beenmo  foiy  niMioni, 
thoir  idaaa  grenlljr  laeMaaod  in  nnmber,  and  tbay  ftlt  tlw  •aoaaaity  of 
oawnNniealing  tbon  to  oneh  other,  and  of  nngmeating  nod  WTinf  tbo 
tigna  proper  for  tbo  eommonioatlon'  of  ideae.  Meenwhilo  tho  iaforior 
lioMangin  aninnli,  thongh  noot  of  them  were  gregariona,  aeqnirad 
no  mm  kfona,  being  peieeemod  and  raatleaa  in  tbo  deaorta,  and  obliged  to 
By  andooneeal  tfaaoneltea,  no  that  they  eoneeived  no  new  wants.  Soeh 
idoaa  aa  they  alioady  bad  remmned  unaltered,  and  they  could  dispense 
with  the  communication  of  the  greater  part  of  these.  To  make  them- 
selves, therefore,  mult  rsiood  h)  their  fellows,  required  merely  a  lew 
muvcaituiLs  ol  ihe  budy  ur  Umhs — ^whisding,  and  the  uttering  of  certaia 
cries  varied  by  the  inflexions  <  (  the  voice. 

On  the  contrary,  the  imiividuais  of  the  ascendant  race,  aniuiau  t!  with 
a  desire  ol  interchnnp^ino^  their  irieas,  whicli  became  more  and  iuihc 
numerous,  were  prompted  to  muluply  the  means  of  communication,  and 
were  no  longer  satisfied  with  mere  pantomimic  signs,  nor  even  with  all 
the  pteaiUe  inflexiona  of  tho  voiee;  bnt  made  oontinaal  offorta  to  aequiie 
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the  power  of  uupirinsf  articulate  sounds,  employing  a  few  at  first,  but 
afterwards  varyiiig  aiid  perfecting  them  accortiinL'  to  the  increase  of  their 
v.  :i[ri.s.  The  habitual  exercise  of  their  ihroai,  tongue,  and  !i[)>,  iiisen8ihlv 
modiHed  the  confortnatiou  oi  ihefie  organs,  until  thtiy  became  htleil  fur  the 
facuhy  of  speech  * 

In  eil*ecting  this  mighty  change,  the  exigencies  of  the  individnaU 
were  the  sole  agents  ;  they  gave  riae  to  efforts,  and  the  organs  proper 
for  irticulating  loands  were  deteloped  by  their  habitual  employment/* 
Henee,  in  this  peculiar  race,  the  origin  of  the  admirable  faculty  of 
epeeeh ;  hence,  also,  the  divenity  of  l8iigaage9»  since  the  distance  of  plaeee 
where  the  individaale  oompoeing  the  race  eetabliehed  themeeWei  aoon 
frfonred  the  corraptioti  of  eonvenlioul  eignt.f 

In  eonduiioiit  it  mej  be  proper  to  observe  that  the  above  sketch  of  the  ' 
Inerekmn  theory  ie  no  eacaggerated  picturet  and  thoee  paasages  which  - 
have  probably  ezeited  the  greatest  surprise  in  the  mind  of  the  reader  are 
liteni  traaalatione  from  the  original. 


CHAPTiiil  II. 

TSANSmiTAZXOII  QW  8PSGIX8— -cofi/intietf. 

Rflcapitalation  of  the  arguments  in  r:iv<mr  of  the  llieory  of  transmutation  of  species 
— Their  msuihciency — Causes  of  dilhculty  in  diacriininatiug  spccies^ — Some  varie- 
ties poMsibly  more  distinct  than  certain  individuals  of  distinct  species  (p.  497.) — 
TadaUU^In  a  tpeeies  ^sisCent  with  a  belief  that  thft  Viwts  of  deTiatioBaie  fixed 
^No  fteU  of  tfansmntatioii  aatfaeatietled— Vaiietief  of  the  Dog^-the  Dog  and 
Wolf  distinct  species — Manmuei  of  Tarious  from  Egypt  identical  in  cha- 

taeter  with  living  individuals  (p.  501.)  Bcedi  and  plants  from  theJBgyptiaa  tombs 
— Modifieatitms  produced  in  pkuitM  by  agrieiiltiue  and  gardening. 

The  theory  of  the  transmutation  of  spfcips,  considered  in  the  last  cliap- 
ler,  has  nu  l  with  some  deprco  of  favour  from  many  naturalists,  from  their 
desire  to  dispense,  as  far  as  possible,  with  the  repeated  intervention  of  a 
First  Cause,  as  often  as  geological  monuments  attest  the  successive 
appearance  of  new  races  of  animals  and  plants,  and  the  extinction  of  those 
pre-existing*  But,  independently  of  a  predisposition  to  account,  if  pos* 
aiUOff  for  a  series  of  chrages  in  the  organie  world  by  the  regular  art  ion 
of  eeeondaiy  eausesy  we  have  seen  that  in  truth  many  peiplezing  difficnl* 

*  Laauick*s  Phil.  Zod.,  torn.  i.  p.  966.  t  Ibid.  p.  867. 
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ties  present  themselves  to  oue  who  allempts  to  establish  the  nature  and 
reality  of  liie  specific  character.  And  if  once  there  appears  ground  of 
reasonable  doiiht,  in  regard  lo  ilie  constancy  of  species,  the  amount  of 
transformation  wliich  ihcy  tire  capable  of  undergoing  may  spt»in  to  resolve 
itsolf  into  a  itk k  qnpstio:i  ut  the  quaniity  of  lime  assigned  to  the  past 
dunuion  ol'aninmle  existence. 

Before  entering  upon  the  reasons  which  may  be  adduced  for  rejectiDg 
Lamarck's  hypothesis,  I  shall  recapitulate,  in  a  few  wordst  the  pheoo* 
ineiMt  and  the  whole  train  of  thought,  by  which  I  conceive  it  to  have 
been  suggested,  and  which  hatre  gained  for  this  and  analogoas  theoiiee^ 
both  in  ancient  and  modern  times,  a  considerable  number  of  votaries* 

In  the  first  placet  the  various  groups  into  which  plants  and  animals  may 
be  thiown  seem  almost  invariably,  to  a  beginner,  to  be  so  natural,  that 
he  is  usually  convinced  at  first,  as  was  Linnsus  to  the  last,  that  genera 
are  as  much  founded  in  nature  as  the  species  which  compose  them.'** 
When,  by  examining  the  numerous  intermediate  gradations,  the  student 
finds  all  lines* of  demarcation  lo  be  in  most  instances  obliterated,  even 
where  they  at  first  appeared  most  distinct,  he  grows  more  and  more 
sceptical  as  to  the  real  existence  of  genera,  and  finally  regards  them  as 
mere  arbitrary  and  artificial  signs,  invented,  like  those  which  serve  to 
distinguish  the  heavenly  constellauuus,  for  the  convenience  of  classi&ca* 
lion,  and  liaviiig  as  little  pretensions  lo  reality. 

Douljts  are  then  eugeiuiered  in  his  miud  as  to  wlieilier  sjierics  ir\:\y  not 
also  be  equally  unreal.  The  student  is  probably  lirst  struck,  uiili  {\\e 
phenomenon,  that  sonnc  individuals  are  made  to  deviate  widely  from  ilie 
ordinary  type  by  the  force  of  peculiar  circumstances,  and  with  the  still 
more  extraordinary  fact,  that  th^  newly  acquired  peculiarities  are  faith- 
fully transmitted  to  the^  ofispring.  How  far,  he  asks,  may  such  varia- 
tions extend  in  the  course  of  indefinite  periods  of  time,  and  during  great 
vicissitudes  in  the  physical  condition  of  the  glob^  His  growing  incer- 
titude is  at  first  checked  by  the  reflection,  that  nature  has  forbidden  the 
intermixture  of  the  descendants  of  distinet  original  stodcs,  or  has,  al 
least,  entailed  sterility  on  their  ofispring,  theieby  preventing  their  being 
oonfoonded  together ;  and  pointing  out  that  a  multitude  of  distinet  tgrpes 
must  have  been  created  in  the  beginning,  and  must  have  remained  pure 
and  nncorrupted  to  this  day. 

Relying  on  this  general  law,  he  endeavours  to  solve  each  difficult  pro- 
blem by  direct  experiment,  until  he  is  again  astounded  by  the  pheno- 
menon of  a  prolific  hybrid,  and  still  more  by  an  example  of  a  hybrid 
perpetuating  itself  througliout  several  generations  in  the  vegetable  world, 
lie  ihea  feels  himself  reduced  to  the  dilemma  uf  chuosmg  between  two 

*  Genus  omne  est  ttatarale,  mprimoidio  tsls  eisatiui,  Ac.  PhU.  BoC.  1 150.  8m 
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alternatives ;  either  to  reject  the  test,  or  to  declare  that  the  two  ffpeciea, 

froai  ihe  union  of  which  the  fruitful  progeny  has  sprung,  were  mere 
varieties.  It  !ic  prefer  the  laiier,  he  is  compelled  to  quc&iiun  ihe  reality 
of  the  disuucitiebij  of  ali  other  supposed  species  which  difier  no  more 
than  the  parents  of  such  prolilic  hybrids:  for,  nhfioygh  he  may  nui  l>e 
eiial)k'd  imiiiLHli;i!ely  to  procure,  in  al!  5tirli  iiiAiauee.'^,  n  rniitfiil  otl'^pring; 
yet exporiincms  show,  tliat  after  repealed  luihires,  the  union  of  two  recog- 
nised species  may  at  last,  under  very  favourable  circuinslanc^,  give  birth 
to  a  fertile  progeny.  Such  circumstances,  therefore,  the  natiiralitt  may 
ooBeoite  to  have  ooourrad  again  and  afain»  in  &be  eoune  of  a  graat  lapio 
of  ages. 

Hia  first  opinions  art  now  fiurly  vnaetUed*  and  every  stay  at  which  ha 
bao  caaght  has  given  way  one  aflcr  another;  he  is  in  danger  of  falling 
jalo  aay  new  and  visionary  doctrine  whieh  may  be  pmsented  to  him ;  for 
hm  now  lagaids  eveiy  pari  of  the  animale  ereation  as.  void  of  stability,  and 
la  a  state  of  eoatinaal  ibn.  In  this  mood  he  enooonteis  the  Geologist, 
who  lelatsB  to  him  how  theio  have  been  endlees  vieissimdes  in  the  shape 
aad  sttaetare  of  oigamo  beings  in  former  ages  how  the  spprosch  to  llw 
pteosni  system  of  things  has  been  gradaal  that  there  has  been  a  pro- 
gsaastva  defsieyent  of  organisnUion  subsenrient  to  the  purposee  of  lift^ 
fnm  the  meal  simple  to  the  moet  oompiei  state— that  the  appeeianee  of 
man  is  the  last  phenomenon  in  a  long  succession  of  events ;  and  finally, 
that  a  series  of  phy^sical  revolutions  can  be  traced  in  the  inorganic  world, 
coeval  and  coextensive  with  iliuoe  of  organic  nature. 

These  views  seem  niunediately  to  couUrm  all  his  preconccivod  (IouIjIs 
&s  io  the  Biabiliiy  ol  the  specific  character,  and  iie  begins  to  think  iherc 
may  exist  an  inseparnbh*  roniiexion  between  a  series  of  changes  in  llie 
innniniate  world,  niid  ttie  capability  of  the  species  to  he  uidcfiniieiy  modi- 
fied by  ilic  iril]u(  iicc  ol  external  circumslances.  llenceiurili  bis  sppcula- 
iions  know  no  dehnitc  bounds  ;  he  gives  the  rein  to  conjecture,  and  fancies 
that  the  outward  form,  internal  structure,  instinctive  £mlties,  nay,  that 
season  itself  may  have  been  gradually  developed  from  some  of  the  aiai* 
pleit  states  of  eiistence — that  aU  animals,  that  man  himself,  and  the  irra* 
timial  beings,  may  have  had  one  eommon  origin ;  tliat  ail  may  be  peria  of 
one  eoollBaeua  and  progressive  scheme  of  development,  from  the  aaoet 
amperfcet  to  the  mare  oomplez;  in  fine,  he  renonnees  his  belisf  in  the 
high  gaaealogy  of  his  species,  and  looks  forward,  as  if  in  compeasatioa, 
10  the  fotnre  perfectibility  of  man  in  his  physical,  intelleetnal,  and  meral 
atiribntes« 

Let  as  DOW  proceed  to  coneider  what  is  defective  in  evidence,  and  what 
frflacioas  in  raasoning,  in  the  gronnds  of  theee  strange  conelosions.  Bln- 
maabach  jadleiootly  obeenres,  that  "  no  general  rule  can  be  laid  down  for 

determining  the  distinctness  of  species,  as  there  is  no  particular  class  of 
characters  which  can  serve  as  a  cnienon.    in  each  case  we  musit  be 
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guided  by  analogy  and  probability J*^  The  multitade,  in  fact,  and  com- 
plex I  iv  of  the  proofs  to  be  weicfhed,  is  so  great,  that  we  caa  only  liope  to 
obiain  presumpuvu  evidence,  and  we  must,  therefore,  be  the  more  careful 
to  derive  our  aenerai  views  as  much  as  possible  from  those  observations 
where  the  cliaticis  of  decpiitioii  are  least.  We  mufil  he  on  our  ^iiard  not 
to  tread  in  the  torUsicps  ot  ihe  naturalists  of  the  rnicldlc  ages,  who  liclieved 
the  doctrine  of  spontaneous  generation  to  be  applicable  to  all  those  parts 
of  the  animal  and  vegetable  kingdoms  which  they  least  understood,  in 
direct  contradiction  to  the  analogy  of  all  the  parts  best  known  to  them ; 
and  whoy  when  at  length  they  (band  that  inaecta  and  cryptogamous  planta 
were  also  propagated  from  eggs  or  aeeda,  atill  persisted  in  retaining  their 
old  prejndioea  lespeeting  the  infneoiy  animaleQlee  and  other  \niBnle 
beinga,  the  genefatton  of  which  had  not  then  been  denooetialed  by  the 
microaeope  to  be  goremed  by  the  aame  hwa. 

Lamaxek  haa,  indeed*  attempted  lo  ruae  an  aignnient  m  famor  of  hie 
eyalenit  oat  of  the  very  eonitiaion  which  haa  ariaen  in  the  atndy  of  eome 
ordera  of  antmala  and  planta,  in  eoneeqnenee  of  the  alighl  ehedee  of  di^ 
fefence  which  aeparale  the  new  apedea  diaeoTered  within  laat  half 
century.  That  the  embarrassment  of  those  who  attempt  to  eUoaiiy  and 
disilinguish  the  new  acquisitions,  poured  in  such  multitudes  into  our  mu- 
seums, should  iucrea&e  wiih  the  augmentation  of  their  number,  is  quite 
iiaUiral;  since  to  obviate  this  it  is  not  enough  that  our  powers  of  discrimi- 
nation should  keep  pace  with  the  increase  of  the  objects,  but  we  ought  to 
possess  greater  opportuniiieis  of  siudyin?  each  animal  and  plant  in  aU 
stnircs  of  its  growth,  nnd  to  know  protoundly  their  ]iisior\  ,  tlu  ir  hnhits, 
and  physiological  characters,  throughout  several  pencrations ;  lor,  in 
proportion  as  the  series  of  known  animals  grows  more  complete,  none  caa 
doubt  that  there  ia  a  nearer  approximation  to  a  graduated  aeale  of  being; 
and  thus  the  raoet  cloedy  allied  apeeiea  will  be  found  to  poaaaaa  a  gfealer 
number  of  characters  in  common. 

Onitet  ^lAe  difficulty  of  ditenadnoHng  ipseiet«^Bntt  in  poini  of 
feet,  oor  new  neqoiaitiona  conaist,  move  and  more  aa  we  advance,  of  epeei> 
mens  brooght  from  foreign  and  often  my  diatiHil  and  beibarona  eonntries. 
A  large  proportion  have  never  even  been  aeen  alive  by  aeientifie  inqohren* 
Inatead  of  having  specimena  of  the  yoangt  the  adult,  and  the  aged  indi- 
vidnala  of  each  aez,  and  posseaaing  means  of  inveatigating  the  anatomical 
atruetnre,  the  peculiar  habita,  and  instincts  of  each,  what  ia  naoally  the 
atate  of  oar  inibrmationT  A  nngle  speeimen,  perhaps,  of  a  dried  plant, 
or  a  staffed  bird  or  quadruped  ;  a  shell,  without  the  soft  parts  of  the  ani- 
mal ;  an  insect  in  one  stage  of  its  nuinerous  transformations; — these  are 
the  scanty  and  imperfect  data  which  tlie  naturalist  possesses.  Such 
informaiion  may  enable  us  to  separate  species  wincli  siand  at  a  considera- 
ble ili.suuice  ifoin  each  other;  but  we  have  no  rji[lii  to  expect  any  iliini?' 
but  uillicuhy  and  ambiguity,  if  we  attempt,  Ixom  such  imperfect  oj^portu- 


I 

I 


Digitized  by  Google 


OF  OISCIUMUiATIIIO  SP£OI£8. 


allies,  to  obtain  distinctive  marks  for  defiaiog  Ihe  characters  of  species 
whicli  are  rlo«?plv  rol:itP(l. 

If  r.  iniurclv  l  ouiii  iiitr  oiinre?  ho  much  certninty  and  precision  into  ihe 
cln?sitii*ati<>n  ot  several  th^sand  species  of  re  i  t  iit  and  foe?iI  shrl!?;,  nol- 
witlistanding  the  extreme  remoteness  of  the  organization  of  these  animals 
from  the  type  of  those  vcrtebratcd  species  which  are  best  known,  and  in 
tlie  mbMnee  of  so  mmy  of  the  living  inbabitasli  of  ehells,  we  are  led  to 
fMrm  an  exalted  eoaeeplion  of  the  degree  of  ezactneet  to*  which  speciflo 
distioetiaiio  are  cipable  of  being  eanried«  nlber  than  to  ciU  in  qneelion 
(heir  reality. 

WhOB  oor  data  ara  ao  defeetlva*  tlie  meal  aeato  natnndiBl  maat  expeet 
to  be  aomotf ttea  at  fanttt  and,  Ilka  the  noviea,  to  ofoilook  eneaiial  poiola 
of  dilTefeiiea,  paaaing  oBoemaioBaly  ftom  one  apaeiet  to  another,  nDlil» 
like  one  who  ia  bone  along  in  a  oanentt  ha  ia  aatoaiahed,  on  kmldng 
baok»  ad  dnemaf  thai  ba  haa  laeehed  a  point  so  nnoto  Aoin  that  whence 
ha  aet  oat« 

It  la  by  no  nMane  improbable,  that,  when  the  eeriea  of  apeeiea  of  eer- 
trin  genera  la  rery  full,  they  may  be  fennd  to  dillbr  leaa  wMeiy  fion  aaeh 
elhar  than  do  the  mere  Tariailaa  or  raeea  of  oerlahi  epedea.  If  aoeh  a 
fitot  could  be  established,  it  wotM,  undoubtedly,  diminish  the  chance  of 
oar  obtaining  certainty  in  our  results;  but  it  would  by  no  means  over- 
throw otir  coiilidence  in  tlio  reality  of  species. 

Some  mere  varielies  possibly  more  di^iinet  than  certain  individuals  of 
distinct  species. — It  is  almost  necessary,  indt  et!,  to  snj^po-c  that  varieties 
tvill  differ  in  some  cases  more  decidedly  ihaa  sorijc  bix-cies,  if  we  admit 
that  there  is  a  graduau  d  scale  of  being,  and  assume  that  the  following 
laws  prevail  in  tlu;  ( (  onomy  of  the  anim  ite  crf  Miion: — first,  that  the 
organization  of  individuals  is  capable  of  liemg  motlifu  tl  to  ;i  litiiiw  d  extent 
by  the  force  of  external  causes;  secondly,  that  these  modidcations  are,  to 
a  certain  extent,  transmissible  to  their  offspring;  thiniiy,  that  there  are 
&ied  limits,  beyond  which  the  descendants  from  eonnaon  parantf  ean 
nafar  deviate  fcoai  n  eeitain  typo;  fonrthlyt  thai  eaah  apeeiea  spring* 
fkoni  one  original  8toek,'and  ean  ne? er  be  permanently  eonlbnnded  by 
hitemilzing  with  the  progeny  of  any  other  etodt ;  fifthly,  that  aaeh 
apeeiea  aiiall  endnia  for  a  eanaldenUa  period  of  time.  Now,  let  na 
aarame,  ibr  the  preeant,  theae  mlee  hypothetically,  and  lee  what  ODOse* 
^pMneaa  nay  natoially  be  ezpeeted  to  reanlt  ftom  them. 

We  tnnal  anppoae  that  when  the  Author  of  Natore  cieatea  an  animal  or 
plant,  all  the  poaaible  eirenmataneee  In  whieh  ila  deaoandania  ara  deatined 
to  five  ara  foreaeen*  and  that  an  orgauiialiott  ia  conferred  npen  it  whieh 
will  enable  Ihe  ^eeiaa  to  perpetnato  itself,  and  anrvite  nnder  all  the  wyw 
ing  cirenmttnieea  to  whieh  It  mnat  be  inevitably  ezpoeed.  Now,  the 
range  of  variation  of  circumstances  will  differ  essentially  in  almost  every 
case.  Let  take,  for  example,  any  oue  of  the  most  influential  condi- 
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Ibo  eqnaioTt  the  thoraioiBettr  might  nmr  wy^  thraoflioaft  Mwal  ihou- 
■tod  eMiWiiaiv  for  nort  Uun  SO^  Fahnnlwlt;  vo  tfatt  if  «  pbni  or  mi* 
lul  bt  piOf mM  with  an  oifauiAlkm  fitting  ^  t»  tueh  a  nage.  Il 
my  oontinM  on  iho  globo  Inr  that  iamaoM  pariod*  allhotyb  o? afy  iadi- 
Yidoal  mightboliaMaaipaaa  loboaotoff  hy  thalaaatpeaalbla  aaaaaaof 
Imt  or  foU  bejoo4  Iha  daianuMla  degree.  Boi  if  o  apaoiaa  be  plaead 
k  000  of  Ilia  taaiifaflolo  lonoa,  ood  hmw  a  eoMtitoitaii  oonfanod  ott  il 
aapoUa  of  supporting  a  tMiilar  mnga  of  teaiperataro  ooljrt  it  will  iMvilop 
bly  perish  before  a  single  year  has  pasted  away. 

Uumboldt  has  shown  that,  at  Ciimann,  within  the  iropics,  ibere  is  a 
difference  of  only  fotir  dffirreeti  I';il)r  )  between  the  it* niprrattire  of  the 
warmest  and  coldest  iiiointis ;  wlit'ie:is  ai  tiuchf  c  ami  iVkui,  m  liie  tem* 
^rate  zones,  the  annual  variation  aiuuvmis  to  jboui  (•<)  '. 

The  saiiK  rtiiuurk  mi?ht  he  a[)plied  to  :iiiy  other  r(jiulition,  as  food,  lor 
e\aiiiplr:  il  nrav  lie  foii'.^een  ihat  liie  buj)|>ly  will  in-  regular  throuHlunit 
indefinite  perioila  m  one  part  of  the  workl,  nnti  in  tinoilier  very  pret  anous 
and  Auctatiog  both  in  kind  aitd  qnaniily.  Didsrent  qu alienations  may  be 
aa^aifad  lor  eoabling  species  to  live  for  a  considerable  time  under  circajB- 
atances  so  ohaogeable.  lf«  then,  temperature  and  fiaod  be  among  tlioao 
external  oavaaa  whicht  aooordiog  to  certoiA  laws  of  animal  and  Tegetablo 
phyaidogj,  modify  the  organization*  Ibiait  or  faculties,  of  iodividoala* 
wo  laatantty  perceive  that  the  Japaaa  of  vaiiobiUljr  irom  a  comoHNi 
alaodud  Mat  difiw  widaiy  in  tha  Iwo  aafes  abofo  aeypoaad  i  oinoa  tbaao 
ia  a  Qoaaaaliy  of  aflooanmortatiog  a  apaaiM  la  ooo  aaao  la  o  oMiab  gyialwr 
ktito^  of  akoomalaooaa  ikatt  im  iko  oiliaf  . 

If  it  bo  atewt  inaiaMa»  ibal  aaaftiy  laiHainH  aMd  abaak  ihoao 
individttalB  la  tbair  giowih  whioli  OM  Mablad  to  aaoommodata  tbaBwyiaa 
lo  pmwaliQaa  of  lUo  luod»  aad  timt  m  pamtt  piatartad  ia  tUa  awaaar 
ftOBi  attaining  tbo  aise  proper  to  ita  apaeiaa»  ahoaid  prodaaa  a  dwaiiah 
oflapriagi  a  aammd  laao  will  anao,  aa  io  lamtifcahiy  aaaiapMfiad  ia  ao«o 
variaiias  of  tlM  bona  aad  dog.  The  dtflferonee  of  stature  in  some  raeao 
of  dogs,  wboa  aomporod  to  others,  is  as  one  to  &ve  in  linear  dimensions, 
making  a  difference  of  a  hundred-fold  in  volume.*  Now,  there  is  good 
reason  to  l>elievc  iliat  species  in  general  art'  by  no  laeans  susceptible  of 
exisiina^  under  u  cliversily  of  circumstances,  which  may  give  rise  to  such 
a  dis^'arily  in  size,  mid,  consequently,  there  will  he.  u  imiliitude  ol  i!i.-tinct 
species,  of  wfiirh  no  two  adult  individual-^  i  ;ui  everdppan  so  wuU  h  from 
a  certain  standard  ol  dimensions  as  the  n-  vaneiiitia  ul  ceiuon  oilit  r 
species — the  dog,  for  instance.  Now,  we  have  only  to  suppose  that 
what  is  true  of  size,  m^y  also  hold  in  regard  to  colous  and  many  other 
aUribtttcai  aqd  it  wiil  at  ooca  ii»llow»  that  the  di^(»a  of  poaaiUa  diaaoad- 

*  CaTieg^X)>ss>ei^^ji.aa8»  «itfaadition> 
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ance  between  varieties  of  ihe  eaiiie  Kpriir.s  nin%',  in  certain  cases,  exceed 
the  utmost  dispdrily  which  can  arite  belweeu  two  individuals  of  manj 
distinct  species. 

The  same  remarks  may  hold  true  in  regard  to  instincts;  for,  if  it  be 
foreseen  that  one  species  will  have  to  encounter  a  great  wiety  of  foes, 
it  may  be  necessary  to  arm  it  with  great  cunning  and  circumspeoliotti  or 
with  eoorage  or  other  qualitiet  eaptble  of  developing  themselves  on  cer* 
lain  oeeaetdns ;  snch,  for  example,  as  those  migratory  faistiiietB  which 
are  to  lennrktbly  exhibited  at  particular  periods,  after  they  htTemuained 
dormant  Ibr  manj  generations.  The  history  and  habile  of  one  wiely  of 
ouch  a  speeiee  may  oAen  differ  mofe  considerably  from  some  other  thm 
those  of  many  dtetinet  species  which  have  no  sach  latitndb  of  aeeommih 
Nation  to  einsaoistanees. 

JSxtent  known  wtriMSiy  in  ipeei^t.— Lnnarek  hat  eomewM 
mlaatated  the  Idea  eommonly  entertained  of  a  spee!es ;  for  It  is  not  true 
thai  oatarslisis  In  genera!  assume  that  the  organisation  of  an  animal  or 
plant  remains  absolniily  eonstaat,  and  that  It  ean  never  vary  in  any  of  \\k 
parts.*  All  must  be  aware  that  circumstances  fnftnence  the  habits,  and 
that  the  habits  may  alter  tlic  state  of  the  parts  and  organs;  but  the  Jif- 
ferenre  of  opinion  relates  to  the  extent  to  which  these  modificaiiuus  of 
the  hahils  and  organs  of  a  particular  species  may  be  carried. 

T^ow,  let  us  first  inquire  what  positive  facts  can  be  adduced  in  the 
history  of  l\novv;i  sp^^cies,  to  establish  a  great  and  perm anent  nmount  of 
change  in  the  fonn,  structure,  or  instinct  of  iinlivi  iii  il.^  descending  from 
some  common  stock.  The  best  authenticated  examples  of  the  extent  to 
wliteh  species  can  be  made  to  vary  may  be  looked  for  in  the  hisitory  of 
domesticated  auimaU  and  cultivated  plants.  It  usually  happens,  that 
those  species,  both  of  the  animal  and  vegetable  kingdom,  which  have  the 
greatest  pliability  of  organisation,  those  which  are  most  eapable  of  aocom* 
modatang  themselves  (o  a  great  variety  of  new  circumstances,  are  most 
terrioeable  to  man.  These  only  caii  be  carried  by  him  into  diflerent 
eli mates,  and  ean  have  their  properties  or  Instincts  Tariously  diversified 
bj  dilfereacee  of  nonrishmeot  and  habits.  If  the  resonrees  of  a  epbclet 
bo  so  limited,  and  its  habits  and  facnitiee  be  of  sueh  a  confined  and  loed 
oharaetert  that  It  ean  only  flourish  in  a  fe  v  particular  spots,  it  ^  nrel^ 
bo  of  great  utility. 

Wo  may  consider,  therefore,  that,  \%  die  domestication  of  animals  and 
the  coUivation  of  plants*  mankind  have  first  selected  those  species  whleK 
have  the  most  llesible  frames  and  constitutions,  and  have  then  been 
tegaged  Ibr  ages  in  condocting  a  series  of  experiments,  with  mocK 
patience  and  at  great  cost,  to  ascertain  what  may  be  the  greatest  potaible 
deviation  from  acommoa  type  which  can  be  elicited  ia  Uici^c  extreme  cases. 

*  i'Uii.  Zool.,  torn.  1.  p.  266. 
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ifthA  dog— no  trmiMfmUoiUinj^Tho  modifiealioiii  pro4iieed 
ip  the  difiacent  noet  of  dofs  exhibit  the  laflaepne  of  man  ta  the  moel 
■Criking  point  of  view.  Thete  animala  have  beea  tiamported  into  evaij 
oUnatOp  and  pUoad  in  avery  variety  of  eifcamataneaa ;  they  Uava  been 
made,  aa  a  modem  natnialiat  obaenrei»  the  aenrant,  the  companion,  the 
guardian,  and  the  intimate  friend  of  man,  and  the  power  of  a  superior 
genius  has  had  a  wunderful  influence,  not  only  on  their  forms,  but  on 
their  maimers  and  iniclligence.*  Different  races  have  uuclergone  remark- 
able changes  in  the  (iuaiiuiy  and  colour  oi  ilicir  eioihing;  liie  tlo?s  of 
Guinea  are  aiuiiosi  naked,  while  those  ol"  the  arctic  circle  are  covered 
with  a  wnrm  coat  butli  oi  hair  and  wool,  which  enables  ihem  to  bear  the 
most  intense  cuid  wiiliout  inconvenience.  There  are  ditTerenccs  also  of 
another  kind  no  less  remarkable,  as  ia  8i2&e,  the  length  oi  their  a»liaie»» 
and  the  convexity  of  their  foreheads. 

But,  if  we  look  for  some  of  those  essential  changes  which  would  be 
leqnired  to  lend  even  the  semblance  of  a  foundation  for  the  theory  of 
Lamarck,  raapecting  the  growth  of  new  organs  and  the  gradual  obliten- 
Uon  of  oCbaia*  we  find  nothing  of  the  kind.  For*  in  all  these  varietiea  of 
the  dog,  says  Cuvieii  the  relation  of  the  boaea  with  eaeh  other  leiaaina 
eaaentiaUy  Ihe  earner  the  form  of  the  teeth  never  changes  in  any  percep- 
liUe  degreot  eieept  thati  in  aome  individuahs  one  additaonai  falae  gcioder 
ooeeaionallf  appearat  aomeliinee  on  the  one  aide*  and  aomeiioiea  on  the 
other.t  The  graaleat  departora  from  a  oommoii  type— and  it  eonatitncea 
the  maxivnm  of  variation  aa  yet  known  in  the  animal  kiogdoni— ia  eiea- 
pUfied  in  thoae  facee  of  doga  which  have  a  anpamomeiarx  toe  on  the  hind 
foot  with  the  correaponding  lacaal  bonea;  a  vaiiely  analogoua  to  one 
praaented  by  aix-fingered  fiuniliea  of  the  human  lace^t 

Lamarek  haa  thrown  not  aa  a  coiyeotnre,  that  the  wolf  may  have  bean 
the  original  of  the  dog ;  but  he  haa  adduced  no  data  to  bear  out  eoeh  aa 
hypotheaia.  ««The  wolf»"  obaervea  Dr.  Prichard,  **  aod  the  dog  difler» 
not  only  with  respect  to  their  habits  and  instincts,  which  in  the  brute 
creation  are  very  uniform  within  the  limits  of  one  spec  a  ;  ,  but  some 
diJleiLiices  have  also  been  pointed  out  in  Uieir  intenial  orgauiiatiou, 
parlit^uluriy  la  ilie  structure  ul  a  part  of  the  inlesiinal  canal. ; 

iJo/aestic  animals  in  South  America  have  reveried  lu  iheir  ori^nod 
characUr. — It  is  well  known  that  the  horse,  the  ox,  the  boar,  and  other 
doiiutitiL'  aiiiinals,  which  have  been  imroduced  iiKo  South  America,  and 
have  run  wild  in  many  pnrts,  hnve  i  iiUitly  lost  all  marks  of  domeitlicity, 
and  have  reverted  to  the  original  ctiaracters  of  their  species.  But  dogs 
iiave  also  become  wild  in  Quba»  Uaytii  and  in  all  (he  Caribbean  ialanda. 

*  Duieau  de  la  Malle,  Ann.  des  ^i.  Nat.,  torn.  xxi.  p.  (>3.  Bept  1830. 

t  Me.  Pf^l.,  p.  m,  sixth  aditkm.  I  lUd, 

I  PiidMi4»PI^Hiatef  MaakiaJ,val.tp>W,wheatoaPiDftMniQiWilsBrf<r 
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In  the  course  of  iha  aeftntoeath  century,  they  hunted  in  packs  from 
twelve  to  hfiff  ec  more,  in  number,  and  fearlessly  attacked  herds  of  wild 
boars  and  other  animals.  It  is  aelural,  tliererore»  to  ioqeire  to  what 
fiorna  they  lefSffted?  Now,  tlicy  are  said  by  many  travaileffs  to  have 
geeoDibied  verj  yearly  tJbe  sbsphetd's  dog;  bat  it  is  certain  that  tbejr 
were  never  turned  into  wolves*  They  were  extremely  aavagot  and  their 
cavngee  appeac  to  have  been  as  nnoh  dreaded  as  those  of  wolves  i  bat 
when  any  of  their  whelps  were  eanfht,  and  brought  from  the  woods  to  the 
towns,  they  grew  up  in  the  OMist  perfeet  submission  to  mam 

JMuNMiMi  ^  mtimab  in  Egyplim  i(»nb8  idmHeed  unih  jpsctas  mUU 
Uvingj^-^  the  advoealee  of  the  theoty  of  transmutation  trust  much  to 
the  slow  and  tneensible  changes  whieh  time  may  work,  they  sie accustomed 
la  lament  the  abeence  of  acearate  deseripitoas,  and  iigures  of  partteolar 
enimals  and  plants,  handed  down  from  the  earliest  periods  of  history,  such 
me  might  have  afforded  data  for  comparing  tlie  condition  of  species,  at 
two  periods  considerably  remote.  Hut,  forlunately,  we  arc  in  some  mea- 
sure independent  of  such  evidence  ;  for,  by  a  singular  accident,  ilie  priests 
of  Kgypi  lidve  bequeathed  to  us,  in  llieir  cemeteries,  il);a  luruimaiion 
which  the  museums  aud  worlis  of  the  Greek  philosophers  iiavo  failed  to 
transmit. 

For  the  careful  investigation  of  these  documents,  we  are  greatly  indebted 
to  the  skill  and  diligence  ol  iliose  naturalists  wlio  acconij) mied  the  French 
armies  during  their  brief  occupation  of  Egypt :  that  conquest  ot  four  years, 
from  which  we  mriy  date  the  improvement  of  tiie  modern  Egyptians  in 
the  arts  and  scifiiits,  and  the  rapid  progress  which  has  been  made  of  late 
in  our  knowledge  of  the  arts  and  sciences  of  tlieir  remote  predecessors. 
Instead  of  wastiof  their  whole  timst  aa  so  many  preceding  travellers  had 
done,  in  exclusively  collecting  human  mummies«  M.  GeoiTroy  and  his 
associates  examined  diligently,  and  sent  home  great  numbers  of  embalmed 
bodies  of  eonsecraled  animals,  such  as  the  boll«  the  dog,  the  cat,  the  ape, 
the  tchnenmon,  the  crocodile,  and  the  ibis* 

To  those  who  have  never  been  accustomed  to  eenneet  the  laets  of 
Natucal  Hietoiry  with  philoecqphieal  specuiatioos,  wbd  have  never  raised 
their  conceptions  of  the  end  and  import  of  snch  studies  beyond  the  mere 
admiration  of  isolated  and  beantifol  otyecli«  or  the  exertion  of  ekill  in  de- 
tecting speeifio  differences,  it  will  seem  incredible  that  amidst  the  din  of 
armcp  and  the  etixring  excitement  of  political  movements,  so  much  enthu- 
siasm could  have  been  felt  in  regsrd  to  these  precious  remains. 

In  the  oflicial  report,  drawn  up  by  the  Piofesswe  of  the  Iffossum  nt 
Paris,  on  tfie  vslue  of  these  objects,  there  are  some  eloquent  passages, 
which  may  appear  extravagant,  nnless  we  reflect  how  fully  these  natund- 
ists  coidd  appreciate  the  bearing  of  the  facts  thus  brought  to  light  on  the 
past  history  of  the  globe. 

it  seems,'  say  they,    as  if  the  s^uperstitiou  oi  tiie  uucicnt  EgypUaus 
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hmd  been  iaf pind  by  N«tuie,  widi  m  view  of  tnuamittinf  to  aAer  Bges  a 
monument  of  her  history.  That  extraordinary  and  whimaieal  peo{)lp,  by 
embalming  with  ao  much  eare  the  bnitea  whieh  were  the  object*  of  tKeir 
atupid  adoration,  haie  left  ua,  in  their  aaereU  gruiios,  cabineta  of  aodogy 
almost  complete.  The  climate  has  conspired  with  the  art  of  embalming 
to  preserve  the  bodies  from  corruption,  and  we  can  now  at.sure  ourselves 
by  our  own  eyes  what  svas  the  sialc  of  a  great  number  of  species  ihrue 
thousand  years  ago.  We  can  scarcely  restrain  ilie  transports  t)r  our 
imagination,  on  In  hi-h.lini:  iIiik>  preserved,  wiih  their  minutest  boiic&,  with 
the  -^iii  illesi  porut'us  oj  i!u  ir  skin,  and  ia  every  particular  mosi  jji-rfocily 
recognisable,  many  an  animal,  which  at  Thehpf?  or  Mi  mpiiw,  two  or  lUrea 
thousand  years  ago,  had  its  own  priests  and  altars.  ' *^ 

Among  the  Egyptian  mummies  thus  procured  were  not  only  those 
of  numerous  wild  quadrupeds,  birds,  and  reptilea*  but,  wiiat  was  perhapa 
oTatiU  higher  importance  in  deciding  the  great  queation  under  discuasioD* 
there  were  the  mummies  of  domestic  animabt  among  whieh  those  above 
mentionedt  the  bull,  the  dog,  and  the  cat,  were  ffeqaent.  Now,  auch 
waa  the  conformity  of  the  whoie  of  theae  apeeiea  to  thoie  now  bving,  tliat 
there  waa  no  more  diflerence,  aajra  Cuvier,  between  them  than  between  tlie 
human  mummiea  and  the  embalmed  bodlea  of  men  of  the  preaent  day. 
Yet  aome  of  theae  animala  have  iince  that  period  been  iranaporled  by  man 
to  almoat  every  climate,  ant)  forced  lo  accommodate  their  babita  to  the 
grebteat  variety  of  circumatancea.  The  eat,  for  example,  haa  been  carried 
over  the  whole  earth,  and,  within  the  laat  three  centoriea,  haa  been  natural* 
ised  in  every  part  of  the  new  world— from  tlie  cold  regiona  of  Canada  to 
the  tropical  plaina  of  Guiana ;  yet  it  haa  aearcely  undergone  any  perceptible 
mutation,  and  is  still  tlie  same  animal  which  was  held  sacred  by  the 
l£g\'piuii&. 

Of  the  ox,  uudoubi(  (ll\\  there  are  many  very  distinct  races  :  but  the  bull 
Apis,  which  was  led  m  ;.ulL'um  processioris  t»y  lite  Eorvptian  priests,  did 
not  differ  from  sumo  of  those  now  living.  i  iie  black  calile  that  have  run 
wild  in  America,  wliere  itiere  were  many  peculinriiies  in  the  climate  not 
to  be  found,  perhaps,  in  any  pan  of  the  old  world,  and  where  scarcely  a 
single  plant  on  which  they  fed  was  of  precisely  the  same  species,  instead 
of  altering  their  form  and  habits,  have  actually  reverted  to  the  exact  like- 
neaa  of  the  aboriginal  wild  cattle  of  Europe. 

In  answer  to  the  arguments  drawn  from  the  Egyptian  mummies,  Lamarck 
laid  that  they  were  identical  with  their  living  descendania  in  the  aame 
country,  because  the  climate  and  phyaical  geography  of  th^  banka  of  the 
Nilo  have  remained  unaltered  for  the  laat  thirty  centurlea.  Bnt  why,  it 
may  be  aaked,  Itave  other  individnala  of  theae  apeeiea  retained  the  aamo 

•  Ana.  da  Hnf^am  4'Hiat.  Nat.,  torn.  i.  p.  234.   J602.     iiie  reporiera  wen 
MM.  Caviar,  Lac^pMe,  and  liitiiarftt 
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characters  in  so  many  different  quarters  of  the  globe^  where  the  chmate 
and  nuiny  other  conditions  are  so  varied  ? 

Seeds  and  plants  from  the  Ee^yplian  tombs. — The  evidence  rived 
from  ll»e  Egyptian  monuments  was  not  confinptl  to  ifie  animal  kingdom  ; 
liie  fruits,  seeds,  and  other  poriions  of  twenty  diliereut  plants,  were  faith- 
fully preserved  in  the  same  manner ;  and  among  Ihetethe  common  wheat 
WM  procured  by  Delille,  from  closed  vessels  in  the  sepulchres  of  the  kings, 
the  grains  of  wbich  retained  not  only  their  form,  but  even  their  colour  ; 
so  eflectual  has  proved  the  process  of  embalming  with  bitumen  in  a  dry 
and  equable  oliuate.  No  difference  could  be  detected  between  this  wheat 
and  that  whioh  now  grows  in  the  East  and  elsewhere,  and  similar  identi« 
fications  were  made  in  regard  to  all  the  otiier  plants. 

NtUiv*  country  of  the  common  leAtfol.— And  here  I  may  observe,  thai 
there  is  an  obvious  answer  to  Lamarck's  objection,  that  the  botanist  ean- 
noi  point  out  a  country  where  the  common  wheat  grows  wild,  unless  in 
places  where  it  may  have  been  derived  from  neighbouring  cultivation.* 
All  naturalists  are  well  aware  that  the  geographical  distribotion  of  a  great 
number  of  species  is  extremely  limited  ;  that  it  was  to  be  expected  that 
every  useful  plant  should  first  be  cultivated  successfully  in  the  country 
where  it  was  indigenous  ;  and  that,  probably,  every  station  wliicb  it 
partially  occupied,  when  growing  wild,  would  be  selecled  by  the  agricul- 
turist as  best  Muiled  to  it  when  artificially  increased.  Palestine  has  been 
conjectured,  by  a  late  u  riicr  on  the  Cerealin,  to  have  been  the  original 
habitation  of  wheal  and  barley  ;  a  supposition  which  appears  confirmed 
by  Hebrew  and  Egyptian  tradmons,  and  by  tracing  the  migrations  ol  the 
worship  of  Ceres,  as  indicative  of  the  migrations  of  the  plajif.t 

If  we  are  to  mfer  that  some  one  of  the  wild  grasses  has  been  traai>formed 
into  the  common  wheat,  and  that  some  animal  of  the  genus  cams,  stiU 
unreclaimed,  has  been  metamorphosed  into  the  dog,  merely  because  we 
cannot  find  the  domestic  dog  or  the  cultivated  wheat,  in  a  state  of  nature, 
wo  may  be  next  called  upon  to  make  similar  admissions  in  regard  to  the 
camel ;  for  it  seems  very  doubtful  whether  any  race  of  this  species  of 
i|ttsdmped  is  now  wild- 

Ckangto  inpkaU9  pfoduttd  by  cultivation, — But  if  agriculture,  it  will 
be  said,  does  not  supply  examples  of  extraordinary  changes  of  form  and 
organisation,  the  horticultnrist  can,  at  lesst,  appeal  to  facts  which  may 
eonfonnd  the  preceding  train  of  reasoning.  The  crab  has  been  trans* 
formed  into  the  apple  \  the  sloe  into  the  plum :  flowers  have  changed  their 
colour,  and  become  double;  and  these  new  characters  can  be  perpetuated 
by  seed:  a  bitter  plant,  with  wavy  sea-green  leaves,  has  been  taken  from 
ilie  :iea-side,  where  it  grew  like  wild  charlock — has  been  t^ull^^piuuled 

•  Phil.  Zoo!  .  torn  i  p.  'j-J7. 

t  L'Origine  et  la  Fatrie  ties  C^reales,  ikc.^  Ann.  des  Bci.  Mat,  ton.  iz.  p.  61. 
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into  the  n^anlnn,  lost  its  pnlinrss,  and  his  been  metarnorpliosed  into  two 
dij»iinci  vegetables,  as  unlike  cadi  oilier  as  is  each  to  the  parent  plant — the 
red  cahbage  and  the  caiiiillosver.  i'iif --e,  and  a  miiilitiide  oi  analogous 
fads,  are  undoubtedly  amon?  the  uDniJers  of  nature,  afid  attest  more 
strongly,  perhaps,  the  cxterji  to  whicli  species  may  be  laoditied,  than  any 
examples  derived  from  the  animal  kingdom.  But  in  these  cases  we  iiud 
that  we  soon  reach  certain  limits,  beyond  which  we  are  unable  to  cause 
tfie  individuals  descending  from  the  same  stock  to  vary ;  while,  on  the 
other  band,  it  it  easy  to  show  that  these  extraordinary  varieties  wni\d 
eeldom  ariM,  and  could  never  be  perpetuated  in  a  wild  state  for  numj 
generations,  under  any  imaginable  combination  of  accidents.  They  nwf 
be  regarded  as  extreme  cases,  brought  about  by  human  interference,  and 
aol  aa  phenomena  which  indicate  a  capability  of  indefinite  roodifieatkm  in 
the  natural  world. 

The  propagation  of  a  plant  by  bnds  or  gralU,  and  by  enttlnge,  is  obvi* 
onaly  a  mode  which  nature  does  not  employ ;  and  this  mnlliplieatioDt  as 
well  as  that  prodnced  by  loqts  and  layeis,  seems  meraly  to  operate  as  en 
extension  of  the  life  of  an  Mividodt  and  not  as  a  reprodnctioii  of  the 
species  such  as  happens  by  seed.  All  plants  Inereased  by  grafts  orlayeiw 
retain  precisely  the  peculiar  qualities  of  the  individual  to  which  they  owe 
their  origin,  and,  like  an  Individual,  they  have  only  a  detemlnate  exisl^ 
ence  t  in  some  cases  longer,  and  In  others  shorter.*  It  seems  now  ad- 
mitlefl  by  horticulturists,  that  none  of  our  garden  varieties  of  fruH  are 
entitled  to  be  considered  strictly  permanent,  but  that  tliey  wear  out  after 
a  lime  ;t  and  we  are  liius  compelled  to  resort  agnm  la  seeds  :  in  which 
case  there  is  so  decided  a  tendency  in  the  seedlings  to  revert  to  the  original 
type,  that  our  utmost  skiU  is  sometimes  balfled  in  attempting  to  recover 
the  desired  vuriety. 

Vfiritlies  of  (he  cabbas^r. — The  different  races  of  cabbages  afford,  as 
was  admittt'd,  an  astoni.shing  eAanij)le  of  deviation  from  a  common  type  ; 
but  we  can  scarcely  conceive  them  to  have  originated,  much  less  to  have 
lasted  for  several  generations,  without  the  intervention  of  roan.  It  ie  4Niiy 
by  strong  manures  that  these  varieties  have  been  oblained«  and  in  ptMftm 
soils  they  instantly  degenerate.  If,  thereforSf  we  suppose  in  a  state  of 
nalnre  the  seed  of  the  wild  Brassica  oleracca  to  have  been  wafted  from 
the  8ea*aide  to  some  spot  enriched  by  the  dung  of  antmale«  and  to  hate 
there  become  a  cauliflower,  it  would  aoon  diffbse  its  seed  to  some  com* 
paratively  sterile  soils  aroundt  and  the  oflbpring  wonld  lelapee  to  the 
likeness  of  the  parent  stock. 

But  if  we  go  so  far  as  to  imagine  the  soO*  in  the  spot  flrst  oeenpied, 
to  be  constantly  manored  by  herds  of  wild  animals,  so  as  to  eoatinoe  ss 

•  Smith's  introduction  to  Botany,  p.  138.    Edit.  1807. 

t  Bee  Mr.  Kaight**  Obeervatioas,  Hwt  Trias.,  vel.  ii.  p.  UO. 


Digitized  by  Google 


Cb.  II.]  PAomJCKO.  BT  ROETIGUtTUBB.  80i 

rich  M  that  of  a  gardftfl,  still  the  rariety  could  not  be  maintained ; 
boeanse  we  knew  that  eaoh  these  lacea  ia  prone  to  Iscnndate  olheii» 
and  gardenei*  aie  eompeUed  to  exert  the  ntmoat  diligenee  to  prevent 
cniee*breede.  The  intemixtoie  of  the  pollen  of  varieliea  growing  jn  the 
poorer  noil  aroond  would  aoon  daatroy  the  peculiar  charaeleia  of  the  race 
which  oeoopied  the  highly  manured  tract;  for.  If  these  aoeidenta  so  con- 
tinually happen,  in  spite  of  our  care,  among  the  colinaiy  varietiest  it  is 
otsf  to  one  hoar  soon  this  eanae  might  oUiterale  e%ery  marked  ehigdarity 
in  n  wild  etate. 

Beeidea,  it  is  well  known  that,  although  the  pampered  races  which  we 
rear  in  our  g-ardens  for  use  or  ornament  may  often  be  perpetuated  by  scetl, 
yet  tlicy  tardy  pruduru  seed  iii  such  nbundLiiice,  or  so  j:iroiiiic  jii  (jtialilv, 
as  wild  individuals  ;  so  that  ii'  llie  caru  oi  mail  were  wiilidrawn,  the  most 
fertile  varit  ly  would  alu  iiys,  in  the  end,  prevail  over  the  more  sterile. 

Similar  remurkss  may  be  applied  to  the  donble  flower^,  wlucli  jUL^cnl 
such  strange  anomalies  to  the  botanist.  The  ovarium,  in  f^uch  casts,  is 
frequently  abortive  ;  and  the  seeds,  when  proli^»  are  geueially  mucii 
fewer  than  where  the  liowcrs  are  siiigU-, 

Changes  earned  by  toil, — Some  curious  experiments,  i^cenlly  made 
on  the  production  of  blue  instead  of  red  floweia  in  the  Hydrangea  hor- 
tenaia,  illosirate  the  immediate  effect  of  certain  soils  on  the  colours  of  the 
calyx  and  petals.  In  garden-mould  or  compost,  the  flowers  are  iniariably 
red;  in  aome  kinds  of  bog-earth  they  are  blue ;  and  the  same  change  is 
slwaya  produced  by  a  particular  sort  of  yellow  loam* 

Vari^iu  of  ike  pnmrou* — Linn^us  was  of  opinion  that  the  prlmroset 
oxlipt  oowalip«  and  polyanthus,  were  on^  varietaea  of  the  same  apecien. 
The  majority  of  modem  botaniats*  on  the  eoBtraiy»  consider  them  10  be 
distinct,  altlHKigh  aome  conceived  that  the  oilip  might  be  a  cross  between 
the  cowslip  and  the  primrose.  Mr.  Herbert  has  lately  racotded  the  fol- 
low ing  experiment;^*!  raised  from  the  natural  seed  of  one  umbel  of  n 
highly  manured  red  cowslip  a  primrose,  a  cowslipt  oztipe  of  the  nsod 
andotlier  colours,  a  black  polyanthua,  a  hose-in4iose  eowalip,  and  a  natu- 
ral primrose  bearing  its  flower  on  a  polyanthus  stalk.  From  the  seed  of 
that  very  hose-in-hose  cowslip,  1  have  since  raised  a  hose-in-hose  prim- 
rose. I  llicrL'fore  coiibider  all  these  to  be  onlv  local  vaneUtii*,  depending 
upon  soil  and  siluaiion."*  Professor  Henslow,  of  ( 'aiubndge,  has  since 
confirmed  this  experiment  of  Mr.  Herbert;  so  tliai  wl  have  an  example, 
not  only  of  the  remarkable  varieties  which  the  Ihjrisi  can  obtain  trom  a 
common  stock,  but  of  the  distinctness  of  analogous  races  tound  in  a  wild 
slale.t 

On  what  particular  ingredient,  or  quality  in  the  earth,  these  changes 

•  HoTt.  Trans.,  vol.  iv.  p.  19. 

f  Loudon  B  Mag.  of  Nat  Hist,  Sept  1880,  f«L  iit  p  408. 
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(]ej)end,  hns  not  yet  been  ascertained.*  But  eardeners  are  well  aware 
tliat  particular  plants,  when  placed  under  the  mtluenre  of  certain  circum- 
itances,  are  chani^ed  In  various  ways,  according  to  the  species  ;  and  a9 
ofien  as  tlie  experiments  arc  repeated,  similar  results  are  obtained.  The 
iiatnre  of  these  resnlip,  however,  depends  nport  the  specieg.nnd  they  arCf 
therefore,  part  of  the  specific  character:  they  exiubit  ihe  i<amr  p!ien^>- 
mciia  again  and  again,  and  indicate  certain  fixed  and  invnriahle  relntions 
between  tlie  physiological  peruliariliei  of  llie  plant,  and  the  iniluencc  of 
certain  external  agents.  They  afford  no  ground  for  questioning  the 
instability  of  species,  but  rather  the  contrary :  they  present  us  with  a 
blass  of  phendmena  ivhich,  when  they  are  more  thdrongblj  understood^ 
taaj  afTord  home  of  the  best  tests  for  identifying  ijiedet,  and  |>roYinf 
Aal  the  atiriVules  originally  eonferred  endure  ao  long  ai  any  turn  «C  thf 
originil  ktotek  femaina  opon  Ui^  eattH. 


C&APT&E  III* 

WHETHER  SPECIES  HAVE  ▲  REAL  EXISTENCE  IN  NATURE  COntillUtdm 

Tsriabili^  of  a  )r|>pcSe»  compared  to  that  of  tea  ladifidiid-^pecies  ■aaceptibk  of 
nuiditeittoi  may  be  altered  greatly  tai  a  akovt  line,  ani  te  a  ftw  yaiatisasf 
eAet  whkk  they  finaaa  slatieaary— Tbs  aaiaals  novaak^t  to  asa*  had  ma^ 
naify  an  aptitude  to  dooissiicity — Acfoind  peculiarities  which  become  hereditatf 

have  a  close  connexion  with  the  habits  or  instincts  of  the  species  in  a  wild  state 
(p.  50H.) — Some  qualities  in  certain  animals  have  been  ronfrrrpd  with  a  view  of 
their  relation  to  man — Wild  elephant  domesticated  in  a  lew  years,  but  its  &eal> 
tiea  ijM^apahfe  <»f  further  deveiopmeni  (p.  ^iS. }. 

Varlabilily  of  a  mpfcics  compared  to  Uiui  of  an  individual. — I  etjdea* 
iroiiii£i>,  in  lilt;  last  ch;v{>ier,  to  bhovv,  that  a  belief  in  the  reality  of  species 
lis  not  itu  (Misistent  with  the  idea  of  a  considerable  tlegree  (j(  vanubiliiy  la 
J  the  speciiic  chnracter.    This  opinion,  indeed^  is  liule  more  than  an 

1 extension  of  the  id<  a  wlm  h  w  e  must  enieriaiu  of  the  identity  of  an  iudi- 
Tidual,  thronghoul  the  changes  which  it  ir?  capable  of  iTnc1er«roirig. 

If  a  quadruped,  inhabiting  a  cold  northern  klilude,  and  covered  widi 
a  warm  coat  of  hair  or  wool,  be  transported  to  a  southern  elimate,  it  will 
often,  in  the  course  of  a  few  yeawi  ahed  a  considerable  portion  of  its  cost, 
wluab  ii  giadnaUy  lacoTen  on  btinf  afain  raatAind  m  ita  wmkm  conntiy* 

*  Hort  Trans.,  ?oL  iit.  p.  173^ 
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«xlMit  by  the  nIiiib  of  wintor  and  puiuim.   W«  know  |h«|  41piM 
bm,  {Lepu9  xmakiHit  P^**)  and  tbp  emuia«  or  aipat,  (.H^iifffa 
<itnmea.  Linn.,)  btooma  while  during  winter,  mod  again  obtain  their  fuU 
colour  during  the  warmer  season ;  that  the  plumnge  of  the  ptarmigan 
undergoes  a  like  metamorphosis  in  colour  and  quantily,  and  that  ihe 
change  is  eiiuiilly  temporary.    \\\'  luc  aware  liui,  if  we  reclaim  ^oma 
Willi  ajinnal,  ami  iiukIiI  v  iis  luibi!.'^  ami  insLincts  by  domefiticaUuit,  iL  may, 
if  it  escapcB,  In  <'i)nie  in  a  lew  years  nearly  as  wild  and  unlractdblc  as 
evrr  ;  and  if  ihti  aaiiie  iuilividuai  be  again  retaken,  it  may  be  ri  iluccd  lo 
ib  luraier  tame  state.    A  plant  is  placed  in  n  prepared  soiL  in  order  that 
(lie  prials  of  its  flowers?  may  multiply,  arid  Ujeir  colour  be  hei^'lncned  op 
ciiangcd  ;  if  we  tiien  withhold  our  care,  the  ilovvers  of  this  same  indivi« 
dual  become  again  single.    In  these,  and  innumerable  pther  inftancea^ 
we  mosl  •appose  iha^  thp  individual  was  produced  with  a  certain  numbec 
of  qualities }  lodt  lA  the  ease  of  animaU,  with  ^  variety  of  in§tiium«e^aili 
of  uhich  may  or  may  not  be  developedt  lecording  to  circumstances,  qv 
vhich*  afior  ha? iog  bfitit  ealM  Sot^  umj  ogain  teoome  loleni  frj^n  &lm 
exciting  eauses  are  removod* 

Nowt  Ihe  fomiAtioii  of  iMOi  feemt  the  neeenazy  eoBseqtiencf  of  fofli 
«  eopabiliiy  iniadifidiHili  to  fiiy,  if  it  he  o  geneiel  lew  that  the  ftflapri^ 
ehoiild  f  eiy  ekieely  lesemble  the  parent.  Bol»  beferp  ve  can  infer  th^ 
there  ace  no  limiti  to  the  deviation  from  an  original  type  wliich  may  hi| 
brought  4ho«i  m  the  eooKie  of  m  indefinite  number  of  gcnepiltonaf  iie 
ouffat  to  have  aooM  pcoof  that*  in  eaeb  sueeeMive  genpfation*  individoalil 
may  go  on  acquiring  an  equal  amount  of  new  peeuUaritiee,  onder  Uie 
inlloenee  of  equal  t-iiajiges  of  eiieumiiaqpea.  Tlie  ba|anee  of  fividenoe* 
however,  indinea  moat  decidedly  on  the  opposite  aide ;  for  in  all  eases 
we  find  that  the  quantity  of  divergence  diminishea  from  the  £rf  t  |o  a  very 
rapid  ratio. 

Species  ausceptibie  of  mudijhuiioii  mai/  be  ^rcallij  al/cred  in  a  few 
generafions. — it  caiuiut  be  objected,  that  it  is  oui  ul  our  ^jower  to  go  un 
v.ir)  itii^  the  circumstances  in  the  same  manner  as  might  happen  in  the 
n.iUiriii  coufec  of  events  during  some  ^reni  oli  gical  cycle.  For  in  ih© 
first  place,  where  a  capacity  is  given  to  ijuliv  idu  ils  to  adapt  lhero»i/Ues  to 
n^'w  circnmaiances,  it  does  not  generally  reqiure  n  very  long  period  for  its 
d(  \  I  i(>[)iiient ;  if^  indeed,  such  were  t!ie  c%&e,  it  it  wni  evisy  \rt  sec  how 
the  moditieaiton  would  answer  the  ends  proposed,  lor  all  the  individuaia 
would  die  before  new  qualities,  habits,  or  insuuctii  were  conferred. 

When  we  have  suceeedtd  in  nateraUaiag  some  tropical  plant  in  a  tem- 
perate climate,  nothing  prevents  us  from  attempting  grsduaUy  to  extend 
iu  diairibniion  lo  liigber  iaiiledes,  or  to  greater  elevatiens  above  the  level 
of  Ihe  tea,  allowing  equal  qeantitiea  of  ttmOt  ot  an  equal  nnmber  of  gene- 
ttftluQap  ier  bebilumftBg  ^m  i^enlM  to  moeMaivo  inenflMnte  of  oil^ 
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But  vwy  liiiibtiidiiia&  nd  gwdener  b  awm  that  fiidi  ezpeniiimili  wilt 
fail ;  and  we  are  mote  likelf  lo  ioeeeed.  Hi  making  some  pfauits,  to  ihe 

coartie  of  the  first  two  generations,  Btipport  a  conatderable  degree  of  dif- 
ference of  temperature  ilian  a  very  small  diflcrepce  afterwards,  though  we 
persevere  for  raany  centuries. 

It  is  the  same  if  we  lake  any  oiher  caose  instead  of  temperature  ;  such 
as  the  quality  of  the  fooi!,  or  the  kind  of  dangers  lo  which  an  animal  is 
exposed,  or  ihe  soil  in  which  a  plant  lives.  The  alteration  in  habits, 
form,  or  organization,  is  often  rapid  during  a  short  j  rriotl ;  but  wJiea  the 
circumstnncrs  are  raade  to  vary  further,  ihou^fi  m  ever  so  sliglit  a  degree, 
all  mo(iific;iti()n  rcases,  ;ind  tht'  indiviiluiil  [irri^lies.  Thus  some  hpr- 
bivorous  quadrupeds  may  be  made  to  feed  partially  on  fi^^h  or  desh  ;  but 
even  these  can  never  be  taught  to  live  on  some  herbs  which  they  reject, 
•nd  which  would  even  poison  tfaeiii»  although  the  same  may  be  wy 
Bvtiiturafl  to  other  ipeeies  of  the  fame  natural  order*  8o»  when  man 
iieea  force  or  atratagem  against  wild  animals,  the  persecuted  race  soon 
beeomee  more  caotiooa,  watchfal*  and  conning;  new  tnatmctaaeem  oHob 
to  be  developed,  and  to  beeomo  hetoditaiy  in  the  fim  two  or  three  geno- 
rattona :  but  let  the  akiU  and  addreee  of  man  tncreaae,  however  gradoaUy, 
no  fonhor  variation  oan  take  plaeo,  no  new  qnalltieo  are  eUeiied  bj  tha 
increaaing  dangen.  The  alteration  of  the  habita  of  the  epeeiea  has 
leached  a  point  beyond  which  no  nliarior  modification  te  poe^Ot  how- 
ever indefinite  the  lapee  of  agea  during  which  the  new  drenmalaneea 
opeinte.  Extiipalion  then  followa,  rather  than  anch  a  tranaformation  aa 
eonid  alone  enable  the  apeeiea  to  perpetaate  itaelf  under  the  now  ataio 
of  thinga. 

Animals  now  subject  to  man  had  originally  an  apfifvde  to  dotnet- 

/ici/^.— It  has  bciu  well  observed  by  M.  F.  Cuvk  r  nrul  M.  Durcau  de  It 
Malle,  thai,  unless  some  animals  had  manifested  in  a  wild  state  an  sp  i- 
tude  to  second  the  effbrls  of  man,  their  domestication  would  never  l.:\\e 
bctn  auemptcd.  If  they  had  all  resembled  the  wolf,  the  fox,  ami  if  e 
h\ ;rna,  the  patience  of  the  experimentalist  would  have  been  exhausted  by 
innumerable  failures  before  he  at  last  succeeded  in  obtnimnc:  bome  imper- 
fect results  ;  so,  if  the  first  advaiuajres  derived  from  the  cultivation  of 
plants  had  been  elicited  hy  as  ledKuis  and  cosUy  a  process  as  that  by 
which  we  now  make  some  slight  additional  improvement  in  certain  races, 
we  bhoiiUl  have  remained  to  ibia  day  in  ignorance  of  the  greater  nnober 
of  their  useful  qualities. 

Jicqvired  inatincfft  of  some  anivutla  hecmne  hereditary. — It  is  undoubt- 
edly true,  that  many  new  hnhits  and  qualities  have  not  only  been  acquired 
in  recent  times  by  <  c  naia  races  of  dogs,  but  have  been  transmitted  la 
their  offspring.  But  in  these  cases  it  will  be  observed,  that  the  new 
peculiarities  have  an  intimate  relation  to  the  habita  of  the  animal  in  a  wiM 
atale,  and  thoralMa  do  not  atieai  any  tendency  to  depamno  lo  an  indi^ 
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mte  extent  from  the  original  type  of  the  species.  A  race  of  dogs  employed 
for  liunting  df  er  in  llie  pi  ufonn  of  Sanla  F^,  in  iMexico,  affords  a  beauti- 
ful illusiruiion  of  n  new  hereditary  m>iin(l.  The  mode  of  attack, 
observes  M.  Roulin,  which  thry  rmplny,  consists  in  seizino^  the  aniiiml 
by  the  belly  and  overluruing  it  by  a  sudden  etiort,  taking  advantage  of 
the  moment  when  ihe  body  of  the  deer  reels  only  upon  the  fore-legs. 
The  weight  of  the  animal  thus  thrown  over  is  often  six  times  that  of  its 
•ntagonieW  The  dog  of  pure  breed  inherits  a  disposition  to  this  kind  of 
ehase,  and  never  attacks  a  deer  from  before  while  mnntng.  Even  should 
the  deer,  not  perceiving  him,  come  directly  upon  him,  the  dog  steps 
aside  and  makes  his  assanll  on  the  flank;  whereas  other  lianting  dogs, 
tfaongh  of  superior  strength  and  general  sagacity,  which  are  hrought  from 
Europe,  are  destitute  of  this  instinct.  For  want  of  similar  precautions, 
they  are  oAen  killed  by  the  deer  on  the  spot,  the  verlebr»  of  their  neck 
being  dislocated  by  the  violence  of  the  shock.* 

A  new  instinct  has  also  become  hereditary  in  a  mongrel  race  of  dogs 
employed  by  the  inhabitants  of  the  banks  of  the  Magdalene  almost 
exclusively  in  hunting  the  white*Iipped  pecan.  The  address  of  these 
dogs  consists  in  restraining  their  ardour,  and  attaching  themselves  to  no 
animal  in  particular,  but  keeping  the  wliole  herd  iii  check.  Now,  among 
these  dogs  some  are  found,  whicli,  the  very  first  time  they  are  lAxvn  la 
the  woods,  are  arqnninted  with  this  mode  of  attack  ;  whereas,  a  doij 
of  another  breed  »iarLs  forward  at  once,  is  surromidetl  by  the  pecari,  and, 
whatever  may  be  his  strctigih,  is  destroyed  in  a  moment. 

Some  of  our  country  men,  engaged  of  late  in  conducting:  one  of  the 
principal  mining  associations  in  Mexico,  that  of  Real  del  Monte,  carried 
out  with  them  some  English  greyhounds  of  the  best  breed  to  hunt  the 
hares  which  abound  in  that  country.  The  great  platform  which  is  the 
scene  of  sport  is  at  an  elevation  of  about  nine  thousand  feet  above  the 
level  of  the  sea,  and  the  mercury  in  the  barometer  stands  habitually  at  the 
height  of  about  nineteen  inches.  It  was  found  that  the  greyhounds  could 
not  support  the  fstigues  of  a  long  chase  in  this  attenuated  atmosphere, 
and  before  they  could  come  op  with  their  prey,  they  lay  down  gasping 
for  breath ;  but  these  same  animals  have  produced  whelps  which  have 
grown  up,  and  are  not  in  the  least  degree  incommoded  by  the  want  of 
density  in  the  air,  but  run  down  the  bares  with  as  much  ease  as  the 
fleetest  of  their  race  in  this  country. 

The  fixed  and  deliberate  stand  of  the  pointer  has  with  propriety  been 
regarded  as  a  mere  modification  of  a  habit,  which  may  have  been  useful 
to  a  wild  race  accustomed  to  wind  game,  and  steal  upon  it  by  surprise, 
first  pausing  for  an  instant,  in  order  to  spring  with  unerring  aim.  The 
faculty  of  the  Keinever,  however,  may  justly  be  legaided      more  iuex- 

"  M.  Roulin,  Ana«  det  Sci.  Nat ,  torn.  xvi.  p  L6.  1629. 
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plieibl9  ^  litf  eisily  relerribfe  i»  llw  iagtiiiolif*  piifioiiiof  tlw  fpeeiM« 
M.*  M^endw*  sayt  a  Fme|i  writer  in  a  imntlj  upbliibed  memoir, 
having  learot  that  Iheie  waa  a  laee  of  dogs  in  England  wluob  aiopped 
and  broogbl  back  game  of  tbeir  own  aecofd,  proenied  a  pair,  and,  hunng 
obtained  a  whelp  from  them*  kept  it  eonalantly  under  hia  eyea*  until  ht 
had  an  opportamty  of  ataariof  himeelf  that*  withont  having  received  enj 
inatnictioo,  and  on  the  veiy  fiiat  day  that  it  wae  carried  to  the  ehaae,  it 
brought  back  game  with  ai  much  aleadineee  ae  doge  which  Imd  been 
echooled  into  the  aame  mano»uTre  by  meana  of  the  wliip  and  collar. 

Mribulen  of  animalt  in  their  rdaiion  to  fMfi«^8och  attainments*  m 
well  as  the  habits  and  dispositions  which  the  shepberd^s  dog  and  many 
others  inlierit,  seem  lo  be  of  a  iiiilure  ami  (wleiit  which  we  can  hardly 
eiLpiaiu  by  supposing  them  lo  be  modificaiioaai  of  inslincts  necessary  for 
tlio  preservalioit  ilie  sprcies  iu  a  wjlJ  slate.  When  such  remarkable 
habits  appear  in  races  ol  ilus  species,  we  may  reasonably  conjecture  that 
they  were  given  wiili  no  uiIk  r  vit- w  ihau  for  the  use  ol  man  and  the  pre- 
aervation  of  the  dog,  which  lims  obtains  protecuoii. 

As  a  general  nil«,  I  fully  agree  with  M.  F.  Cuvier,  that,  in  studying 
the  habits  of  animals,  \vc  miisl  attempt,  as  far  as  possible,  lo  refer  iheir 
domestic  qualities  to  modilicaiions  of  instincts  which  are  implanted  in 
them  in  a  state  of  nature  ;  and  that  writer  has  successfully  pointed  out,  in 
an  admirable  escay  on  the  domestication  of  the  mammalia,  the  true  origin 
of  many  dispositions  which  are  vulgarly  attributed  to  the  inflaenoe  of 
education  alone.*  But  we  ir  hoiild  go  too  far  if  we  did  not  admit  thataoflw 
of  the  qoalitiei  of  particular  animala  and  plants  may  have  been  given 
aolely  with  a  view  to  the  connexion  which  it  was  foreceen  would  eaiat 
between  them  and  man-»-especiaUy  when  we  aee  that  connexion  to  be  In 
many  caiea  ao  intimate,  that  the  greater  nombert  and  aometimea  all  the 
individuala  of  the  apeolee  which  exist  on  the  earth,  are  in  subjeeilon  to  the 
human  race. 

We  can  perceive  in  a  multitude  of  animals,  especially  in  eome  of  the 
paraaitic  tribee,  that  certain  instlncta  aod  oigana  are  confened  for  the  pm^ 
poee  of  defence  or  attack  against  some  other  epecies*   Now,  If  we  are 

reluctant  to  suppose  the  existence  of  similar  relations  between  man  and 

the  instincts  of  many  of  the  inferior  animals,  we  adopt  an  hypothesis  no 
less  viukiii,  iliougb  ill  lilt'  opposite  exueuie  to  lliat  which  hat?  lul  ^  inie 
to  imaginu  ilic  vvhulc  auuiiaie  and  inanimate  creation  lo  luive  been  made 
solely  for  ihe  support,  firralificalion,  and  inslruclion  of  iiiaiikmJ. 

Many  species,  moai  iioslile  lo  our  persons  oi  property,  multiply,  to 
spite  of  our  clforts  to  repress  them ;  olhers,  on  the  contrary,  are  inten- 
tionally autrmriiir  i  many  hundred-fold  in  number  by  our  t.\L  i  uons.  In 
such  instaoRca,  we  must  imi^iae  the  relative  resources  of  man  and  of 


•  lUm.  da  Has.  d  ittst.  Jist,  .Jsmisoe,^  JIty  fW.  Jsm^  Jka.*,  7,a 
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species,  friendly  or  inimical  to  him,  tofiav^  been  prospectively  calculated 
and  adjusted.  'i\>  withhold  assent  to  this  siippdsiiion,  would  be  to  refuse 
what  we  must  grant  in  respect  to  the  economy  of  Nature  m  every  oiiier 
part  of  the  organic  creation;  for  the  various  ?^j)ec■l['s  ol  cuinempornry 
plants  and  animals  liave  ohriously  their  rebnve  lorces  nicely  balanced, 
and  their  respective  tastes,  passions,  and  iostiucts  so  contrived,  that  they 
are  all  io  perfect  harmony  with  each  other.  In  no  other  manner  could  it 
happen  that  each  species,  surroundodt  ^  it  is,  by  countless  dangers, 
should  be  mbled  to  maintain  iti  gnmnd  for  periods  of  eonsiderable 
duration. 

Tlie  docili^  of  the  indifidaals  of  some  of  our  domestto  ipeeies»  eiiend* 
ingt  ee  It  does,  to  attainmeots  foreign  to  their  aetnral  bsbits  and  facallies, 
may,  perhei»St  fa«TS  been  eonferied  wiib  e  view  to  their  assoeiaiion  with 
men.  Butt  ]es>  speeies  should  be  thereby  made  to  vary  indefinitely»  we 
find  that  eoeh  habits  are  never  transmissible  by  generation. 

A  pig  hae  been  trained  to  hnnt  and  point  game  with  greit  sotiTity  and 
steadineee;*  and  other  leamsd  individoalst  of  the  same  species,  have  been 
taught  to  spell ;  bat  soeh  fortnitons  acqniremsnts  never  become  heredi* 
1aty»  for  thejr  have  no  relation  whatever  Io  Ihe  eslgeneies  of  the  animal 
in  a  wild  Btate»  and  eannoti  thetelbre*  be  developments  of  any  insttncti? e 
propensities. 

Influenct  of  domestication. — An  jiiinial  in  domesticity,  says  M.  P. 
Cnvier,  is  not  t^bCiitially  in  a  diflerenl  siiuaUon,  in  regard  10  lUe  feelinpf 
of  restraint,  from  one  left  to  itself.    It  lives  in  society  without  cons^lrainl, 
because,  wutioui  dOubt,  it  was  a  social  animal ;  and  it  conforms  itself  to 
the  will  of  man,  because  it  had  a  chief,  to  which,  in  a  wild  state,  it  would 
have  yielded  obedience.    There  is  noliiing  in  its  new  situation  that  is  not 
conformable  to  its  propensities;  u  a  satisfying  its  wants  by  submission 
to  a  master,  and  makes  no  sacrifice  of  its  nntural  inclinations.    A!!  the 
social  animals,  when  left  to  themselves,  form  herds  more  or  less  umne- 
Tous ;  and  ail  the  individuals  of  the  sarne  herd  know  each  other,  are 
mntoally  attached,  and  will  not  allow  a  strange  individual  to  join  them. 
In  a  wild  state,  moreover,  they  obey  some  individual,  which,  by  its 
anperlority,  has  become  the  chief  of  tlie  herd.   Our  domestic  speeies  liadt 
-   originally,  this  sociability  of  disposition;  and  no  solitary  speeies,  how* 
ever  easy  St  tnay  be  lo  tmiu  it,  haft  yet  iflbrded  Ime  domestic  races.  We 
inerely,  therefoils,  develope,  to  oar  own  advantage,  propensities  whieb 
propel  die  individtisls  of  eertatn  vpeefes  10  draw  near  to  iheir  ftUowa. 

The  k\m^  whteh  we  have  leaifed  is  Indneed  to  follow  vs,  as  it  would 
be  led  to  follow  the  Mk  among  .which  ii  was  brooghi  op ;  and,  when 
Individosla  of  gregtttons  species  have  been  accustomed  to  one  master,  H 

•  In  the  New  Forest,  near  Ringwood,  Hants,  by  Mr.  Toomer,  keeper  ot  iiroomy 
Lodge.   I  have  coaversed  wiUi  wilaeMes  of  Uie  fact. 
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if  he  alone  whom  they  •eknowledge  u  their  chief— he  ooly  whom  they 
obey.   •*  The  elephant  lUowe  himielf  to  be  difeeted  only  by  the  eernae 

whom  he  has  adopted ;  the  dog  itself,  reared  in  solitude  with  its  master, 
manifests  a  hostile  disposition  towards  all  others ;  and  every  body  knows 

how  daiigeroub  u  is  to  be  in  the  midst  of  a  herd  of  cows,  in  pasturages  thai 
are  lillle  frequeulcd,  when  ihey  have  not  at  their  iiead  liie  keeper  who 
takes  care  of  them.** 

**  Every  thing*  therefore,  tends  to  convince  us,  that  formerly  limn  were 
only,  willi  regrard  to  the  domeslic  animals,  what  those  who  are  particu- 
larly charged  with  the  care  of  them  still  are — namely,  members  of  the 
society  which  these  animals  form  among  themselves;  and  that  they  are 
only  distinguished,  in  the  general  mass  by  the  authority  which  they  have 
been  enabled  to  assume  from  their  superiority  of  intellect.  Thus,  every 
aocial  animal  which  recognises  man  as  a  member,  and  as  the  chief  of  ita 
herd,  is  a  domestic  animal.  It  might  even  be  said,  that,  from  the  moment 
when  Boch  an  animal  admits  man  as  a  member  of  its  society,  it  is  domes- 
ticated, as  man  could  not  enter  into  such  a  society  without  becoming  the 
chief  of  it."* 

But  the  ingenious  authoi  whose  observations  I  have  here  cited,  admits 
that  the  obedience  which  the  individuals  of  many  domestic  species  yield 
indifferently  t«i  every  person,  is  without  analogy  in  any  slate  of  things 
which  could  eiist  previously  to  their  subjugation  by  man.  Each  troop 
of  wild  horses,  it  is  true,  has  some  stallion  for  its  chief,  who  draws  after 
him  ail  the  individuals  of  which  the  herd  is  composed ;  but,  when  a 
domesticated  horse  has  passed  from  hand  to  hand,  and  has  served  sevend 
masters,  he  becomes  equally  docile  towards  any  person,  and  is  subjected 
to  ilic  whole  human  race.  It  seems  fair  to  presume  iluii  Uie  cajjiliiliLv  la 
the  instinct  oi  ihc  horse  to  be  thus  modified,  was  givcii  to  enab4fi.the 
species  to  render  greater  services  to  man;  and,  perhaps,  the  facility  with 
which  many  other  acquired  characters  become  hereditary  in  \  nnous  races 
of  the  horse,  Uiay  be  explicable  only  on  a  like  suj^posiinm.  The  amb!e, 
for  example,  a  pace  to  which  the  domestic  rat  in  Spanish  America  are 
exclu.sively  trained,  has,  in  the  course  of  several  generations,  become 
hereditary,  and  is  assumed  by  all  the  young  colts  before  they  are  broken 
in.t 

It  seems,  also,  reasonable  to  conclude,  that  the  power  bestowed  on 
the  horse,  the  dog,  the  ox,  the  sheep,  tlie  cat,  and  many  species  of 
domes  til-  fowls,  of  supporting  almost  every  climate,  was  given  expressly 
to  enable  them  to  follow  man  thronghont  all  parts  of  the  globe,  in  order 
that  we  might  obtain  their  services,  and  they  our  protection*  If  it  be 
objected  that  the  elephant,  which,  by  the  onion  of  strength,  intelligence, 

*  H^m.  da  Mas.  d'HIst.  HtX, 

f  Dwesii  dj  la  MaUe,  Ann.  dss  Sd.  Rat.,  torn.  aai.  p.  58. 
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and  doeUity*  can  ftnder  the  greatefl  services  to  maDkind,  ia  incapable  of 
living  in  any  but  the  warmest  latitudes,  wc  may  observe,  thai  the  quantity 

of  vegetable  food  required  by  this  quadruped  would  render  iis  maintenance 
ill  Lhc  Icniptraie  zone  loo  costly,  and  in  llie  aiciic  impossible. 

Among  the  cliaiigea  siiju  rinduccd  by  rnan,  none  appear,  at  first  sight, 
more  remarkable  than  the  perfect  tameness  of  certain  domestic  races.  It 
is  well  known  that,  at  however  early  an  age  we  o!)ia!ii  po.ijessiori  of  the 
young  of  many  unreclaimed  races,  they  will  relain,  ihroiigliout  life,  a 
considerable  timidity  and  apprehensiveness  of  danger;  whereas,  after  one 
or  two  generations,  the  descendants  of  the  same  stock  will  habitually 
plar«  the  most  implicit  confidence  in  man.  There  is  good  reason,  how- 
ever, to  suspect  that  such  changes  are  not  without  analogy  in  a  state  of 
nature;  or,  to  speak  more  correctly,  in  situations  where  man  has  nol 
inierfered. 

l^us.  Dr.  Richardson  informs  us,  in  his  able  history  of  the  habits  of 
North  American  animals,  that,  "  in  the  retired  parts  of  the  mountains, 
where  the  hunters  bad  seldom  penetrated,  there  is  no  difficulty  in  ap- 
proaching the  Rocky  Mountain  sheep,  which  there  exhibit  Ms  stmp/ict/y 
^  eharacler  so  ranarkabU  in  tfu  domutie  speeiet  $  but  where  they  have 
been  often  fired  at,  they  are  exceedingly  wild,  alarm  their  companions, 
on  the  approach  of  dang*  r,  by  a  hissing  noise,  and  scale  the  rocks  with 
a  bjjt'id  aiul  ;iii;ilily  that  baffles  pursuit.'** 

It  is  prob.ible,  therefore,  iliai  as  man,  in  diilii^mg  himself  over  the 
globe,  has  tamed  many  wild  races,  so,  uUo,  lie  has  made  many  tame 
races  wild.  Had  some  of  the  larger  carnivorous  beasts,  capable  of  scaling 
Uic  rorks,  made  their  vvay  into  the  North  American  mountains  before 
our  iiuniers,  a  similar  alteration  in  the  instincts  of  Uie  sheep  would  doub^ 
less  have  been  brought  about. 

H'ild  elfphanti  domeaiicated  in  a  Jew  years. — No  animal  affords  a  more 
striking  illustration  of  the  principal  points  which  1  have  been  endeavour- 
ing to  establish,  than  the  elephant;  for,  in  the  first  place,  the  wonderful 
sagacity  with  whicii  he  accommodates  himself  to  the  society  of  man,  and 
the  new  habits  which  he  contracts,  'are  not  the  result  of  time,  nor  of 
modifications  produced  in  the  course  of  many  generations.  These  ani- 
mals will  breed  in  captivity,  as  is  now  ascertained,  in  opposition  to  the 
vulgar  opinion  of  many  modern  naturalists,  and  in  conformity  to  that  of 
the  ancients  iEiian  and  Columella  :t  yet  it  hss  always  been  the  custom, 
as  the  least  expensive  mode  of  obtaining  them,  to  capture  wild  individuals 
in  the  forests,  usually  when  full  grown ;  and,  in  a  few  years  after  they 
are  taken— sometimes,  it  is  said,  in  the  space  of  a  few  months-^their 
education  is  completed. 

•  Fauna  Boreali- Americana,  p.  273. 

t  Mr.  Com  on  the  iUbiU,  &o.  of  the  £lepluuit,  i'iuL  Trttos.  1799. 
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Had  the  whole  species  been  domesticated  from  an  early  period  in  the 
history  of  man,  like  the  camel,  their  superior  intelligence  would,  doubi- 
Icss,  have  been  altriiuited  to  their  long  and  familiar  intercourse  with  the 
loril  oi'  the  creation;  but  we  know  that  a  few  years  )s  suilirjenl  to  bring 
alioiit  this  wnndiTful  chang^e  of  habits ;  and,  nlthrniLHi  llio  s-^iiie  individual 
may  continue  to  r(  ceive  tuition  for  a  century  afterwards,  yet  it  make?  no 
further  progress  m  the  general  development  of  ita  faculties.  Were  it 
otherwise,  indeed,  the  animal  voold  vooo  deserve  more  than  the  |>oet*e 
epithet  of  half-reasoning." 

FVom  the  aethoriQr  of  oar  country  men  employed  m  the  late  Burmeee 
war,  it  appeara,  in  corroboiatioii  of  older  accotmta,  that,  when  elepbanla 
are  reqntred  to  execute  extraonUnaiy  taska,  they  may  be  made  to  nnder- 
atand  that  they  will  receive  nnnaoal  rewarda.  fikmie  favom'ate  dainty  b 
ahown  to  ihem,  in  the  hope  of  acquiring  trhich  the  work  ia  done ;  and 
ao  perfectly  doet  the  natnte  of  the  contract  appear  to  be  nnderatood,  thai 
the  breach  of  It,  on  the  part  of  the  maater,  ia  often  attended  with  danger. 
In  thia  eaae,  a  power  haa  been  given  to  the  apeeiea  to  adapt  their  ioeial 
inatlncta  to  new  cireomatancea  with  aarprising  rapidity ;  Irat  the  extent  of 
thia  change  ia  defined  by  atriet  and  aibitnry  limtta.  There  ia  no  Indio^ 
tion  of  a  tendency  to  continued  divergence  from  certain  attribniee  with 
which  the  elephant  was  originally  endued — no  ground  whatever  for  anti- 
cipating that,  in  thousands  of  centuries,  any  material  alteration  could 
ever  be  cflccted.  All  that  we  can  infer  from  analogy  is,  that  some  more 
useful  and  peculiar  races  might  probably  be  formed,  if  the  experiment 
were  fairly  tried ;  and  that  some  individual  rharacterisiic,  now  only 
casual  and  lomporarv,  misht  be  perpetuated  by  frf  iif  ration. 

In  all  cases,  therefore,  wliere  the  domestic  qualities  exist  in  aniin 
they  seem  to  require  no  lengthened  prore?s  for  their  development  ;  and 
they  appear  to  have  been  wliolly  denied  to  some  classes,  which,  from  their 
strength  and  social  disposition,  might  have  rendered  great  services  to 
man  I  aa,  for  example,  the  greater  piurt  of  the  quadrumana.  The  orange 
outang,  indeed,  which,  for  ita  resemblance  in  form  to  man,  and  appa- 
rently for  no  other  good  reason,  has  been  asanmed  by  Lamarck  to  be  the 
most  perfect  of  the  inferior  animala,  has  been  tamed  by  the  savages  of 
Borneo,  and  made  to  climb  lofty  trees,  and  to  bring  down  Ihe  fruit.  But 
he  is  said  to  yield  to  his  msaters  an  unwilling  obedience,  and  to  be  beU 
in  Bttbjection  only  by  severe  discipline*  We  know  nodiing  of  the  fSKol* 
ties  of  this  animal  which  can  suggest  ihe  idea  that  it  rivalt  Ae  dephant 
in  intelligence ;  much  less  any  thing  which  can  coantenance  die  dreams  ' 
of  those  who  have  fancied  that  it  might  have  been  transmuted  faito  *<  (he 
dominant  race."  One  of  the  baboona  of  Sumatra  {SMa  earpoUgm) 
'  appears  to  be  more  docile,  and  ia  frequently  trained  by  the  inhabitants  is 
aacend  treea,  for  the  purpoee  of  gathering  eocoaFUOts ;  a  service  in  which 
the  animal  is  very  expert.   He  selects,  says  Sir  Stamford  Raffles,  die 
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ripe  iialis,  with  great  judL^niL'iu,  aiul  pulls  no  more  than  he  is  ordered.* 
The  capuchin  and  cacaj  io  monkeys  are,  accordins^  to  lIuuibiiMt,  tnug-hl 
to  ascend  trees  in  the  same  manner,  and  to  ibrow  down  iruit  on  the  banks 
ol  the  lower  Orinoco.t  s 
It  is  for  the  Lamarckians  to  explain  how  it  Injipens  that  those  pnme  | 
savages  of  Borneo  have  not  themselves  acqnired,  by  dint  ol  longing,  for  1 
many  generations,  for  the  power  of  climbing  trees,  the  elonjgated  arma 
of  the  orang,  or  even  the  preheneUe  tails  of  some  American  moakejrs. 
Instead  of  being  reduced  to  the  necessity  of  subjugatiag  stubborn  and 
nntractable  brutes,  we  shaold  natonUy  have  anticipated    Uiat  tbeir  waote 
Mukl  hmr%  eseited  them  to  effiMrte,  and  thet  eontipoed  efforts  woqld  have 
pwmk  rise  to  neir  oigaBe ofy  imther  lo  the  fe-aequiritkm  of  orgene 
whicht  in  m  manner  irreconeileable  with  the  prineiple  of  xhd  progrenhe 
system*  have  grown  dbsolele  in  tribee  of  men  which  have  such  eonatmit 
seed  of  them. 

HeeqpUuUUunu^li  foUows*  then*  from  the  different  leeti  which  have 
heea  considered  in  this  ch^iter*  that  a  short  period  of  time  is  generally 
enfficient  to  effect  neatly  the  whole  change  which  an  alteration  of  external 
eireDmslances  can  bring  about  in  the  habits  of  a  speel8s»  and  that  sudi 

capacity  of  accommodation  to  new  ciicumatances  is  enjoyed,  in  very 
diflerent  degrees,  by  different  species. 

Certain  qualities  ri|)])L:tr  to  be  bestowed  exclusively  wiih  a  viesv  to  the 
relations  whicii  are  deaiined  lo  exist  between  dilTerent  species  and,  among  " 
otliera»  between  certain  species  and  man;  but  these  latter  are  always  so 
nearly  connected  with  the  orig^inal  habiii^  and  proptasuies  of  each  species  • 
in  a  wild  state,  that  tliey  imply  no  indefinite  capacity  of  varying  from 
the  original  type.    The  acquired  habits  derived  from  liuman  tuition  are  . 
rajrely  transmitted  to  the  olTspring;  and  when  this  happens,  it  is  almost 
universally  the  case  with  those  merely  which  have  some  obvious  con-  • 
nexioA  wiUi  the  attributes  oi  the  species  when  in  a  state  of  independence. 

*  Linn.  Trans.,  vol.  xili.  p  '211. 

t  Pers.  Narr.  of  TraYeiu  tu  Liie  EquiaocLial  Regions  of  the  New  Continent,  in  lite 
jeenlTN^lflM. 
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WHETHER  BPECIB8  HAVE  A  REAL  EXISTENCE   IN  NATURE  COnUnUed. 

Phenomeaa  of  hjbrids — Hunter's  opinions — Mules  not  strictly  intermediate  between 
parent  tpeetei — Hjrbrtd  p'anti— Cxperiioente  of  Kolreoter  mnd  Wiegmuin— Vege- 
table hjbri<i«  prolific  tbronghout  eevenl  gMatnMwu—Whj  rare  in  a  wild  stele 
(p.  619.)— De  Cudolle  on  hybrid  plente— The  phenomena  of  hjbiids  confirm  the 
dietinctness  of  species — Theory  of  the  gradation  in  (he  intelligence  of  animals  ae 
indicatrd  by  the  facial  angle  (p.  524.) — Tiedemann  on  the  brain  of  the  foclus  in 
mammalia  assuming  snccessivoly  tlif  form  of  thr  linin  of  fish,  reptile,  anc]  bird — 
Bearing  of  this  dis^ -'^vrry  on  llie  tlieorj  of  progressive  developmeDt  and  transontt- 
tation  (p.  527.) — liccapiluktion. 

Phenomena  of  liyhrids. — We  have  yet  to  consider  anotlier  class  of  phc- 
nomnnn,  those  relaliiii^^  to  the  proiluction  of  liybriils,  which  liave  been 
ref,^u(lecl  in  a  very  difTiTrnl  liofht  with  reference  lo  their  bearing  on  the 
question  of  I'ne  permanent  dislinctncss  of  species;  some  naturalists  con- 
sidering tliem  as  affording  the  strongest  of  all  proofs  in  favour  of  the 
reality  of  species;  others,  oa  the  contrary,  appealing  to  them  as  coun- 
tenancing the  opposite  doctrine,  that  sU  the  varieties  of  organization  and' 
instinct  now  exhibited  in  the  animal  and  vegetable  kingdoms  may  have 
been  proppgntcd  from  a  small  number  of  original  types. 

In  regard  to  the  mammifera  and  birds,  it  is  foand  that  no  sexual  union 
will  take  place  between  races  which  are  remote  from  each  other  in  their 
habits  and  organization ;  and  it  is  only  in  species  that  are  very  nearly 
allied  that  such  unions  produce  offspring.  It  may  be  laid  down  as  a  gene- 
ral rule,  admitting  of  very  few  ezeeptiona  among  quadrupeds,  that  the 
hybrid  progeny  is  sterile ;  and  there  seem  to  be  do  well-authenticated 
examples  of  the  continuance  of  the  mule  race  beyond  one  generation. 
The  principal  number  of  obserrattons  and  experiments  relate  to  the  mixed 
offspring  of  the  horse  and  ass ;  and  in  this  case  it  is  well  established 
that  the  he-muie  ran  generate,  and  the  she-mule  produce.  Such  eases 
occur  in  Spain  and  Iialy,  and  mucii  more  frequently  in  the  West  Indies 
and  New  Holhuul ;  but  liicse  mules  liave  never  bred  in  cold  climates, 
seldom  in  warm  regions,  and  still  more  rarely  in  temperate  countries. 

'I'he  hybrid  oflVpring  of  the  she-ass  and  the  stallion,  lhe>i»»of  of  Aristotle, 
and  the  hinnus  of  Pliny,  differs  from  the  mule,  or  the  of!s]»ruig  of  the  ass 
and  mare.  In  hoih  cases,  says  liuOon,  these  animals  retain  more  of  the 
dam  tfian  of  llie  sirc,  not  only  in  the  magnilntlp,  but  in  the  fKiurc  of"  lije 
body  ;  whereas  in  the  form  of  the  head,  limbs,  and  tail,  they  bear  a  greater 
resemblance  to  the  sire.  Tiie  same  naturalist  infers,  from  various  experi- 
ments respecting  ciosa-breeds  between  the  he«goat  and  ewe,  the  dog  sad 
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ahe-wolf,  the  goldfinch  tnd  eanary-btrd«  thtt  the  male  tntismita  hie  eex  to 
the  greatest  number,  end  that  the  preponderance  of  malee  over  females 
exceeds  that  which  prevaite  where  the  parents  are  of  the  same  species. 

ffttnier*9  opimon."— The  celebrated  John  Hunter  lias  observedt  that  the 
tree  distinction  of  species  must  uUimately  be  gathered  from  their  incapa- 
city of  propagating  with  each  other,  and  producing  offspring  capable  of 
again  continuing  itself.  He  was  unwilling,  however,  to  admit  that  the 
horse  and  the  ass  were  of  the  same  species,  bucniise  some  rare  instances 
had  been  atUiiioed  of  tfie  breeding  of  mules,  wUhough  he  niaiuiained  that 
the  wolf,  the  dog,  and  the  jackal  were  all  of  one  sjiecies ;  because  he  had 
found,  by  two  exj)erimeius,  that  the  dog  would  breed  both  wiili  tlie  wcslf 
and  the  jackal  ;  and  tlial  the  miilr  in  rach  ease,  would  breed  again  wilh 
the  dog.  In  these  eases,  however,  ii  may  be  observed,  that  there  was 
always  one  parent  ai  least  of  pure  breed,  and  no  proof  was  obtained  that 
a  true  hybrid  race  could  be  |>erpetuated ;  a  fact  of  which  i  believe  no  ex* 
amples  are  yet  recorded,  eiitier  in  regard  to  mixtures  of  the  horse  and  ass, 
or  any  .other  of  the  mammalia* 

Should  llie  fact  be  hereafter  ascertained,  that  two  mules  can  propagate 
their  l^ind,  we  muet  still  inquire  whether  the  offspring  may  not  be  regard- 
ed in  the  light  of  a  monstrous  birth,  proceeding  from  some  accidental 
cause,  or,  rather,  to  speak  more  philosophically,  from  some  general  law 
not  yev  understood,  but  which  may  not  be  permitted  permanently  to  in- 
terfere witli  those  laws  of  generation  by  which  species  may,  in  general, 
be  prevented  from  becoming  blended.  If,  for  example,  we  discovered 
that  the  progeny  of  a  mule  race  degenerated  greatly,  in  the  first  genera- 
tion, in  force,  sagacity,  or  any  attribute  necessary  for  its  preservation 
in  a  state  of  nature,  we  might  infer  that,  like  a  monster,  it  is  a  mere  tem- 
porary and  foriuiious  varii^i) .  Nor  does  it  seem  probable  that  the  greater 
number  of  such  monsters  could  ever  occur  unless  obtained  by  art;  fur,  in 
Hunter's  experiments,  stratagem  or  force  was,  in  most  instances,  employed 
to  bring  about  the  irregular  connexion.* 

Mules  not  strictly  intermedidff  btticeen  the  parent  npfcifs. — ^It  seems 
rarely  to  liappen  that  the  mule  ofl'tspring  is  truly  intermediate  in  cliaracler 
between  the  two  parents.  Thus  Hunter  mentions  that,  in  his  experi- 
ments, one  of  the  hybrid  pupa  resembled  the  wolf  much  more  than  the 
rest  of  the  litter ;  and  we  are  informed  by  Weigmann,  that,  in  a  litter 
lately  obtained  in  the  Hoyal  Menagerie  at  Berlin,  from  a  white  pointer 
and  a  she-wolf,  two  of  the  cubs  resembled  the  common  wolf-dog,  bat  the 
third  was  10^9  a  pointer  wilh  banging  ears. 

There  Is  undoubtedly  a  very  dose  analogy  between  these  phenomena 
and  those  presented  by  the  intermixture  of  distinct  races  of  the  same 
•peeies,  both  in  the  inferior  animate  and  In  man.   Dr.  Prichaidi  in  hli 

"  PhO.  Tntm.  1987.   Additioaal  B«Dstks,  FbiLltes.,  1980. 
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nfilijCiicaL  Hislpiy  of  Mankind,"  «itM  nanplw  vim  Om  pmlianliM 
qf  I|mi  pwwnis  hiT«  been  transmitted  vaiy  lUM^oallj  to  tht  ofipring;  at 
whm  liluldm&t  anliraly  white*  or  perfisetljr  blaek*  haw  apmng  from  the 
union  of  the  Eturopean  end  the  negio*  Sometimes  the  coionr  or  other 
peeoliariiiea  of  one  parent»  after  having  (ailed  to  ahow  themaelfee  in  the 
^pifi^Uto  progeny,  reappear  in  e  lobanqnent  generation  $  as  where  a 
white  ebild  is  bom  of  two  black  pereuta,  the  grandfiolier  liaTiag  been  a 
white.* 

The  same  author  judiciously  observes  that,  if  diflerenl  species  mixed 
their  breed,  uud  hybrid  race^i  were  oUen  prupugaleU,  i!ie  auimul  world 
would  soon  present  a  scene  of  confusion  ;  its  tribes  would  be  every 
where  blended  together,  and  we  »houid  perhaps  tiod  more  hybrid  crea- 
tures ihaa  genuine  and  uncormptotl  races.t 

Hybrid  plants — Kolrtuttra  ij j  u  iments.- — 'i'lio  history  of  the  vegeta- 
ble kingdom  has  been  thought  to  atiord  moir  lU-cisive  evidence  in  favour 
of  the  theory  of  ihe  formation  of  new  and  permanent  species  from  hybrid 
stocks.  The  first  accurate  experiments  in  illustration  of  this  curious  sub- 
ject appear  to  have  been  made  by  Kohreuter,  who  obtained  a  hybrid  from 
two  species  of  tobacco*  Mcotiana^  rustka  and  A.  paniculata,  which  diflfer 
greatly  in  t^e  ah^  of  their  leaves,  the  colour  of  the  corolla,  and  the 
heigiitof  the  stem.  The  stigma  of  a  female  plant  of  N.  rustka  was  im- 
pregnated with  the  pollen  of  a  male  pleot  of  JV.  pamtulata.  The  eeed 
npenedt  and  prodoi:^  a  hybrid  wliich  wee  intmmediale  between  the  two 
pamntSt  end  ^hich«  like  aU  the  hybrida  which  this  botaniat  bion^  vp» 
had  impeifoet  atamenn.  He  afterwarde  imprspaled  this  hybrid  with  the 
pollen  nf  N»  pankukUh  and  obtained  plants  whieh  mneh  moie  saaem* 
bled  the  last.  This  he  eonliniied  thnmgh  seTeral  genentions*  nntii»  bj 
dne  peKU^enneey  he  actnaUjr  chenfad  the  ^eofiflna  rtisliM  into  the 
Nieatiana  panieuikita* 

The  plan  of  impregnation  adopted  was  the  cutting  off  of  the  anthers  of 
the  plant  intended  for  fructification  before  they  had  shad  pollen*  and  then 
laying  on  foreign  pollen  upon  the  stigma. 

ff  ugmann's  ej^m*«i«?i/*.— -The  same  experiment  has  since  been 
repeated  with  success  by  Wiegraann,  who  found  that  he  could  bring  back 
the  hybrids  to  the  exact  iikeneaa  of  either  parentt  by  crossing  tbem  a  6ui- 
ficient  number  of  tiint  h. 

The  blending  of  tlie  (  hnraneis  of  the  parent  stocks,  in  many  oilier  of 
Wiegmann's  eatperimcnls,  was  complete  ;  the  colour  and  shape  of  the 
learee  and  Howers,  and  even  the  scent*  b^iog  intermediate*  as  in  the  oiT- 
^pnnf  of  the  two  species  of  verbascum.  Att  inlennanu^  alsob  between 
the  common  onion  and  the  leek  {Jilliwn  etpm  and  porrMm)  gave  a 
plant*  which*  in  the  eharaeler  of  its  ieeves  end  flowms»  approached 
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most  nearly  to  the  garden  onion,  but  bad  the  elongated  bulbous  root  and 
smpll  of  the  leek. 

j  he  same  botanist  remarks,  that  vegetable  hybrids,  when  not  strictly 
iotermediate,  more  frequently  approach  the  female  than  the  male  parent 
species,  but  they  never  exhibit  eharaeteri  foreign  to  both,  A  recrbM 
with  one  of  the  original  stocks  generally  causes  the  mule  plant  to  leveH 
towards  that  stock ;  but  this  is  not  ilways  the  cnse,  the  offspring  ffom6- 
limes  cofitintting  to  exhibit  the  character  of  a  full  hybrid. 

In  general,  the  sneeese  attending  the  production  and  perpetuity  of 
hybrids  among  plants  depends,  as  in  the  animal  kingdom,  on  the  degree 
of  proximity  between  the  species  intermarried.  If  their  ofganizatidn  be 
very  remote,  impregnation  never  takes  place ;  if  somewhat  less  distant, 
teeds  are  formed,  but  always  imperfect  and  sterile.  The  next  degree  of 
lelattonahip  yields  hybrid  seedlings,  but  these  are  barren ;  and  it  is  only 
when  the  parent  species  are  Tery  neatly  allM  &at  the  hybrid  race  may 
be  perpetuated  for  several  generations.  Even  in  this  case,  the  best 
authenticated  examples  seem  confined  to  the  crossin£r  of  hybrids  with 
individuals  of  pure  breed,  in  none  of  Llic  experiraeiUs  most  accurately 
detailed  docs  it  appear  that  both  the  parents  were  mules. 

^Vieglnann  diversified  as  much  as  possible  his  mode  of  bringing  about 
these  irrcgulnr  unions  among  plants.  He  often  sowed  par^illrl  rows, 
near  to  carh  uiher,  of  the  specie;^  from  which  he  desired  to  breed  ;  and, 
instead  of  mutilating,  after  Kolrcutcr's  fashion,  the  plants  of  one  of  the 
parent  stocks,  he  merely  washed  the  pollen  off  their  anthers.  Th<e 
branches  of  the  plants  in  each  row  were  then  gently  bent  towards  each 
other  and  intertwined ;  so  that  the  wind,  and  numerous  insects,  as  they 
passed  from  the  flowers  of  one  to  those  of  the  other  species,  carried  the 
pollen  and  produced  fecundation. 

Vegetable  hybride,  why  rare  t»  a  wUd  MtaU^fhie  same  observer  saw 
a  good  exemplification  of  the  manner  in  which  hybrids  may  be  formed  in 
a  state  of  nature.  Some  wallflowera  and  pinks  had  been  growing  in  a 
garden,  In  a  dry  sunny  situation ;  and  their  stigmas  had  been  ripened  so 
as  to  be  moist,  and  to  absorii  pollen  with  avidity,  although  their  anthers 
were  not  yet  developed.  These  stigmas  became  impregnated  by  pollen 
blown  from  some  other  adjacent  plants  of  the  same  species ;  but,  had 
they  been  of  different  species,  and  not  too  remote  in  their  organization, 
mule  races  must  have  resulted. 

"WhcUt  indeed,  we  consider  how  busily  some  insects  have  been  shuwn 
(u  be  engaged  iu  conveying  anther-dust  from  flower  to  tlower,  especially 
bees,  flower-eating  beetles,  and  the  like,  it  seems  a  most  enigmatical 
problem  how  it  can  happen  thu  j  romiscuoua  alliances  between  distinct 
species  are  not  perpetually  occurring. 

How  continually  do  we  observe  the  bees  diligently  employed  lu  coU 
looting  the  red  and  yellow  powder  by  which  the  staraena  of  flowera  are 
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comedy  Umding  it  on  ibeir  hind  legii  and  curying  it  to  thotr  liifo  tor  the 
purpoee  of  feeding  their  young  1  In  thue  providing  for  tboir  own  pro- 
geny, theee  inieete  aetiet  mtlecinlly  tho  proeeee  of  fraetifieation.*  Fev 
persons  need  be  reminded  tliat  the  elamene  in  eertain  plants  grow  on  dif> 
ferent  blossoms  from  the  pistils ;  and,  unless  the  summit  of  the  pistil  be 
touched  with  the  fertilizing  dust,  the  imii  does  not  swell,  nor  ihe  seed 
arrive  at  muuuiiy.  U  by  ilie  help  at  bees,  chiefly,  that  the  develop- 
ment of  the  fniit  of  many  such  species  is  secured,  the  powder  which  they 
have  collected  from  the  stamens  beuig  unconsciou^y  left  by  them  in 
yisiti ng  the  pi«?lil8. 

How  often,  during  ihu  heal  of  a  sunrnjer's  day^  do  we  see  the  males  of 
dicBcious  plants,  8uch  as  the  yew-tree,  standing  separate  from  the  females, 
tndaeodiog  off  into  the  air,  upon  the  sliglitest  breath  of  wand,  clouds  of 
buoyant  pollen  1  That  the  zephyr  should  so  rarely  intervene  to  fecnndato 
the  planta  of  one  apecies  with  the  antlier-dust  of  others,  seems  almost  to 
realize  the  convene  of  the  miracle  believed  by  the  orednloea  beidemen  of 
the  Luaitanian  marea  ■ 

Ore  onino<!  versrv  in  Z<>phyruiii,  slant  rujnbus  allis, 
£xcoptanlquL-  ii  ve:^  uutua:  elsiepe  tune  uliic 
CkiujQgiis,  vento  graTidoe,  aiMbila  dKatoit 

But»  in  the  fiiat  placet  it  appean  that  there  ia  a  natnnl  aveiaien  in 
planta,  aa  well  aa  in  animala,  lo  irregular  aeznal  nnboa ;  and  in  moat  of 
the  eoeeeaefui  ezperioMota  in  the  animal  and  vegetable  world,  aome  vio- 
lence baa  been  need  in  order  to  proenre  impregnation*  The  etigma  im* 

bibea,  alowly  and  relnetantly,  the  granulea  of  the  pollen  of  another  speeiea, 

even  when  it  is  abundanUy  covered  with  it ;  and  if  it  happen  that,  during 
this  period,  ever  so  sliglit  a  quantity  of  the  anther-dust  of  its  own  species 
alight  upoii  It,  this  is  insiauliy  absorbed,  and  the  eflt  ctof  the  foreign  pol- 
len destroyed.  Besides,  it  does  not  often  imppen  that  the  male  and  fe- 
male orgiinis  vi  iruciifiration,  in  dilfereni  species,  arrive  al  a  si;ite  of  matu- 
rity  al  jnrcisely  the  same  iime.  Even  where  such  synchrowisiii  (lues  pre- 
vail, b(i  ihai  a  cross  taipiegnation  i^  ulH  ci^  the  ciiaucea  are  very  aiiiiie'- 
rous  against  the  establishment  of  a  [i)  briii  race. 

if  we  consider  the  vegetable  kingdom  generally,  it  must  be  recollected 
that  even  of  the  seeds  which  are  well  ripened,  a  great  part  are  eitlier  eaten 
by  ineeeta,  btida,  and  other  animals,  or  decay  for  want  of  room  aud  oppor- 
tunity to  germinate.  Unhealthy  plants  are  the  first  which  are  out  off  by 
causes  prejudicial  to  the  species,  being  usually  stifled  by  more  vigoreoe 
individuals  of  their  own  kind.  If»  ihereibre,  the  relative  fecundity  of 
hardineaa  of  hybrida  be  in  the  leant  degree  inferior,  they  cannot  maintatn 
their  footing  for  many  genentiona»  even  if  they  were  ever  produced 

*  See  Barton  oa  the  Geography  of  Plants,  p.  67.  t  Oeoig.  lib.  iiL  StX 
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beyond  one  genentiOD  in  a  wild  stale.  In  the  nnivenal  straggle  for  ezisl^ 
enee,  the  right  of  the  strongest  eTenliislly  prevails;  an^.the  strength  andi 
durability  of  a  rape  depends  mainly  on  its  prolificness»  in  wbiii^  hybrid 
ere  acknQwledged  to  be  deficient. 

Centmsrea  hybridan  a  plant  which  ncTer  bears  seed,  and  is  supposed  to 
be  produced  bv  the  frequrnl  intermixture  of  two  well-known  species  of 
Centaurea,  grows  wild  upon  a  Itill  near  Turin-  Jiaiiunculus  laceruSf 
also  sterile,  has  been  produced  accidentally  at  Grenoble,  and  near  Paris, 
by  the  union  of  two  Ranunculi;  but  this  occurred  in  gardens.* 

Mr.  HerbcrCs  experiments. — Mr.  Herbert,  in  one  of  his  ingenious 
pnper«!  on  mule  p^ai^t^^,  endeavours  to  nccount  for  llieir  tion-ocriirrenre  in 
a  state  of  nature,  from  the  circumstance  iliai  all  ilie  conihinalioiis  lliat 
were  likely  to  occur  have  already  been  made  many  centuries  ago,  and 
have  formed  the  various  speeies  of  botanists ;  but  in  our  gardens,  he  sayi^^ 
vhenever  species,  having  a  certain  degree  of  affinity  to  each  othert  ,fLfft 
(rsnspprted  from  different  countries,  and  brought  for  the  first  time  into 
eontaet,  they  give  rise  to  hybrid  species«t  But  we  have  no  data^  as  yel^ 
to  warrant  the  eondosion,  that  a  sin|^e  permanent  hybrid  race  has  ever 
been  foirmedt  em  in  gaifdens,  by  the  intermamag^  of  two  allied,  spjsicies 
brought  from  distant  habiutions*  Until  some  fact  of  this  kind  is  foUiy 
established,  and  a  new  species,  capable  of  perpetnating  itself  in  a  state  of 
perfect  Independenee  of  man,  can  be  pointed  out,  it  seems  nasonab)c|  to 
esQ  in  question  entirely  this  hypothetical  source  of  now  speeief*  That 
Tsrieties  do  sometimes  spring  up  from  cross  breeds,  in  a  niKtnral  wayyOaii 
hardly  be  doubted ;  but  they  probably  die  out  even  more  rapidly  than 
races  propagated  by  grafts  or  layers. 

Opinion  of  Be  Cunilol/c. — De  Candolle,  whose  opinion  on  a  philoso- 
phical question  of  this  kind  deserves  the  greatest  attention,  has  observed, 
in  his  Essay  on  Botanical  Geography,  that  the  varieties  of  plants  range 
themselves  under  two  general  heads  :  those  produced  by  external  circum- 
stances, and  those  formed  by  hybridity.  After  adducing  various  argu- 
ments to  show  that  neither  of  these  causes  can  explain  the  permanent 
diversity  of  plants  indigenous  in  different  regions,  he  says,  in  regard  to 
the  crossing  of  races,  I  can  perfectly  oomprebend,  without  altogether 
sharing  the  opinion,  that,  where  meny  species  of  the  same  genera  occu^ 
near  together,  hybrid  speeies  may  be  formed,  and  I  am  aware  that  the 
C99i  number  of  species  of  .certain  genera  which  are  fonnd.in  partienbr 
legions  may  be  ezphiined  in  this  manner  s  but  I  am  unable  to  eonoeiie 
how  any  one  can  regard  the  ^ame  ezplaoation  as  applicable,  to,  ppedas 
whicl^  tire  naturally  at  great  disfanoes. ,  If  the  three  laiches,  (qp  ^zenpln, 
now  known  in  the  world,  Uved  in  the  same  localities,  I  might  then  beliofe 
that  one  of  them  was  the  produce  of  the  crossing  of  tlie  two  otheis ;  but 
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Vol.  1.-3  (4 

Digitized  by  Google 


raOFAOAnon  or  HTBEIDS.  [Book  IIL 


I  netvr  toM  ■dtntt  that  Om  Siberitn  ipeeifle  has  Iwen  piodiioed  hf  ikm 
mning  of  those  of  Europe  and  Ameriea.  I  aee,  Ihen,  that  then  «ziil» 
in  organiied  beings,  permaoent  dilTerencea  which  cannot  be  referred  to 
any  one  of  Ihe  actual  oamee  of  variation,  and  theae  difleraneea  are  what 
oonstiiate  ipeelft.*** 

Reality  of  8pecie$  confifmii  hy  the  phenomena  of  hyhrUb^Tbe  moat 
decisive  arguments,  perhape*  amongst  many  others,  ng:a}nst  the  proba* 
bilii^  of  ihe  derivation  of  permanent  species  from  cross-breeds,  are  lo  be 
drawn  from  the /act  alluded  to  by  De  Candolle,  of  species  having  a  dose 
affinity  to  each  other  occurring  in  distinct  Ixti  inical  provinces,  orcouritries 
inhabited  bv  ffroups  of  distinct  species  oi  iiuligciious  plants:  for  in  this 
case  naturtll^^'.s  who  are  not  prt pared  to  go  the  whole  length  of  the  Irans- 
mutationisu,  are  under  tiie  necessity  of  admitting  that,  in  some  cases, 
spcrir<  \\  hich  approach  very  near  to  each  other  in  their  characters,  were 
so  creai(  (.1  from  their  origin;  an  admi'^^ion  fatal  to  the  idea  of  its  being  a 
general  law  of  nature,  that  a  few  origiii  il  tvpes  onlv  i^liouid  be  formed, 
and  that  all  intermediate  racea  should  spring  from  the  intermixture  of 
ihose  stocks. 

'i'his  BotioOf  indeed,  is  wholly  at  variance  with  all  that  we  know  of 
hybrid  generation ;  for  the  phenomena  entitle  us  to  affirm,  that  had  the 
^pea  been  at  first  somewhat  distant,  no  erois-breedi  Vfcutd  ever  hoot 
been  produaicU  niueh  leaa  thoae  prolific  tfaoea  which  wo  now  neogniee  aa 
diatinet  apoeiae. 

In  tegard,  moraoyer,  to  the  permanent  propagation  of  hybrid  raeea 
ameog  animala,  inanperable  difficoltiea  preaent  thomaeIvea»  when  wo 
endeavour  to  oonoaivo  the  blending  together  of  the  dilTerent  inatineta  antf 
proponaltiea  of  two  apeeiea,  ao  aa  to  inaoio  the  praeenration  of  the  intev> 
mediato  raee.  The  common  mnle,  when  obtained  by  human  art,  may  be 
protected  by  the  power  of  man;  hot,  in  a  wild  elate,  it  would  not  haie 
pvaeiaely  the  aame  wanta  either  aa  the  hone  or  the  aaa ;  and  if,  in  cooae- 
qoeneo  of  eome  diflbrenee  of  thia  kind,  it  atrayod  firom  the  herd,  it  would 
aoon  be  hunted  down  by  beasts  of  prey,  and  destroyed. 

If  we  take  some  genus  of  insects,  such  as  the  bee,  we  find  [h.n  each  of 
the  numerous  species  has  boiiu!  difference  la  its  habits,  ha  mode  ot 
I  ((Heeling  honey,  or  constructing  dwelling,  or  providing  for  its  young, 
and  other  particulars.  In  the  case  of  the  common  hive-bee.  the  workers 
are  described,  by  Kirby  and  Spence,  as  being  endowed  wiih  no  Ir-s  than 
thirty  distinct  instincts  "t"  80  also  we  find  thnt»  amonsi^ft  a  most  numerous 
clasj^  of  spulors,  there  are  nearly  as  many  diilerent  nto  les  of  spinning 
their  webi^  there  are  species.  When  we  recollect  how  complicated 
are  tlie  relations  of  theee  inatincte  with  co^ziattng  apecieat  both  of  the 

*  BmbI  BllnanlBlK,  As.,  Saw  partly. 
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aiuinal  and  veg^etable  kingtloins,  ii  is  scarcely  possible  to  imagine  that  a 
bastard  race  conici  spring  from  llie  nuion  of  two  of  these  bpcries,  and 
retain  just  so  miicli  of  the  qualities  ot  each  parent  stock  M  lo  preserve  its 
ground  in  spite  of  tlie  dangers  which  surrouud  it. 

We  might  abo  ask,  if  a  few  generetic  types  alone  ha?e  been  created 
nmong  insects,  and  ihe  intermediate  species  have  proceeded  from 
hybridtly«  where  are  those  original  types,  combining,  as  ihey  ought  to  do, 
the  elements  of  all  the  instincts  which  have  made  their  appearance  ia  the 
flumerous  derivative  races  ?  So  also  in  regard  to  animal*  of  all  elaasoa, 
and  of  plants;  if  species  in  general  are  of  hybrid  origin*  where  are 
ihe  stocks  which  combine  ill  themselves  the  habits,  properties,  and 
organs,  of  which  all  the  intervening  species  ought  to  afford  us  mert 
modifications!  , 

Siseapiiukttian  of  the  argwnentM  from  hybHdt*^\  ahal]  now  oonclnde 
tbia  suijjcc  t  by  summing  up,  in  a  few  words,  the  results  lo  which  I  have 
been  led  by  the  consideration  of  the  phenomena  of  hybrids.  It  appears, 
that  the  aversion  of  individuals  of  distinct  species  to  the  sexual  union  is 
common  to  animals  and  plants ;  and  that  it  is  only  when  the  species 
approach  near  to  eacli  other  in  liieir  t)r(T:j[.ization  and  Jiabils,  that  any  off- 
spring are  produced  from  their  coniu  .x ion.  Mules  are  of  extremely  rare 
occurrence  in  a  state  of  nature,  and  no  examples  are  yet  known  of  their 
having  procreated  in  a  wild  stale.  But  il  has  lu'i  n  proved,  that  hybrids 
are  not  universally  sterile,  provided  the  parciii  slocks  have  a  near  affinity 
to  each  other,  although  the  continuation  of  the  mixed  race,  for  several 
'generations,  appears  hitherto  to  have  been  obtained  only  by  crossing  the 
hybrids  with  individuals  of  pore  species ;  an  experiment  which  by  no 
meant  bean  out  the  hypothesis  that  a  true  hybrid  race  could  ever  be 
permanently  established. 

Henee  we  may  infer,  that  aversion  to  sexual  intercourM  ia,  in  general,  . 
a  good  test  of  the  diatioetaeaa  of  original  aioeka,  or  of  ^pecset  #  and  the  / 
procreation  of  hybrids  ia  a  proof  of  the  very  near  affinity  of  epeeiet.  / 
Perhaps,  hereafter,  the  number  of  generationa  for  which  hybrids  may  be  / 
eoDtinued,  before  the  raoe  dies  out  (for  it  aeema  uaually  to  degenerate  / 
rapidly),  may  afford  the  zoologist  and  botanist  an  experimental  test  of  the  - 
difference  in  the  degree  of  affinity  of  allied  apeeiea. 

I  may  also  remark,  that  if  it  could  have  been  ahown  that  a  single  per-  / 
manent  species  bad  ever  been  produced  by  hybrid ity  (of  which  there  is 
no  aatiafiM^tory  proof),  it  might  certainly  have  lent  scrane  countenance  to 
the  notions  of  the  ancients  respecting  the  gradual  deterioration  of  created 
thiugs,  but  none  whatever  to  Lamarck's  theory  of  their  progressive  per- 
feclibilu\  ;  for  observations  liave  hitherto  sliuwii  liiai  there  is  a  tendency 
io  mult'  aiiunals  and  plants  to  degenerate  in  ora;anization. 

It  wa$  before  remarked,  that  the  theory  of  progressive  development 
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tiot^  from  an  atiempt  to  ingraft  the  doctrines  of  the  tntnsinatationists 
ipon  one  of  the  mosi  popular  generalizations  in  geology*  But  modem 
j^lo|K[ical  researofaes  haTd  almoet  destroyed  eveiy  apjpearanee  of  that 
gradation  in  the  mittenUe  groups  of  animaWbeings,  which  was  supposed 
to  indicate  the  slow  progress  of  the  orgame.waEld.XraiP_the  simple 
to  Itie  Qore  compojiijul>iitvctur^.  In  the  more  modern  formationsrwe 
llnd  elear  indieationa  that  the  highest  orders  of  the  terieetrial  mammalia 
were  faAy  lepiesentod  during  several  sneoessive  epochs;  but  in  the 
monuments  which  we  have  hitherto  examined  of  more  remote  eras*  in 
which  theto  are  as  yet  discovered  few  flumtile,  and  perliaps  no  laeostrine 
|Sirmatidii8«  and*  therefore,  scarcely  any  means  of  obtaining  an  insight 
into  the  soology  of  the  continents  then  existing,  we  bavo  only  as  yet 
Ibatid  one  example  of  a  mammiferons  quadruped.  The  reoent  origin  of 
man,  and  the  abaenee  of  all  signs  of  any  rational  being  holding  an  anab^ 
gous' relation  to  finrmer  atatee  of  the  animate  wodd,  affords  one,  and 
die 'only  reasonable  argument,  In  support  of  the  bypotherie  of  a  pro- 
gn»n\wt  scheme ;  but  none  whatever  in  favour  of  the  faqeied  evolution  of 
one  species  out  of  another. 

*  Theort^  of  the  gradation  ui  intellect  as  shown  by  the  facial  an ^le. — 
When  the  celebrated  auatoinisi,  Camper,  first  altempted  to  estimate  the 
degrees  of  sagacity  of  different  anirnaU,  and  of  the  races  of  man,  by  the 
measurement  of  the  facial  angle,  some  speculators  were  bold  enough  to 
affirm,  that  certain  simise  differed  as  little  from  the  more  savage  races  of 
rftcn,  as  those  do  from  the  human  race  in  general ;  and  tltat  a  scnle  might 
be  traced  from  •*  apes  with  foreheads  villanous  low"  to  the  African  v;iriety 
of  the  human  species,  and  from  that  lo  the  European.  The  facia!  atiL^e 
w:i9  riie^jsnred  by  drawing  a  lino  from  the  prominent  renire  of  the  fore- 
head to  the  most  advanced  part  of  the  lower  jaw-bone,  and  observing  the 
angle  which  it  made  with  the  horizontal  line ;  and  it  was  affirmed,  thai 
there  was  a  regular  series  of  such  angles  from  birds  to  the  mammalia. 

The  gradation  from  the  dog  to  the  monkey  was  said  to  be  perfect,  and 
from  that  again  to  man*  Otoe  of  the  ape  tiihe  has  a  facial  angle  of  4S**i 
and  another,  #hieh  approxhnated  neavesC  to  man  in  figure  an  angle 
of  Bty^  To  this  sueeeede  (kmgo  sed  proxfanus  Iniervallo)  the  head  of  the 
Aftiean  negro,  wbidi  as  well  as  tbat  of  the  Kalmue,  fbrms  an  angle  of  TOO; 
while  that  of  the  European  eontains  The  Roman  palntata  ptdbRod 
the  ato^  of  99*$  and  die  cbaiaeter  of  beao^  and  sublimHy,  so  strtUng  in 
some  #orks  of  Oieeian  sculpture,  as  in  the  head  of  the  Apollo,  and  in  the 
ttedbaa  of  Siaocles,  Is*  given  by  an  angle  which  amounts  to 

A  great  number  of  valuable  Ihcts  and  curious  analogiea  in  comparative 
anatomy  were  brought  to  light  during  the  investigations  which  woio  midt 

•  FiicMl>niya.Hi«ofI|aakiid,vsLL|^m 


Digitized  by  GoogI 


by  Camper,  John  Hunter,  aiul  others,  lo  illustrate  this  scale  of  orgnniza- 
lion  ;  and  their  facts  and  generalization"  inust  uoi  be  ton  founded  wiUi  the 
(anciful  sysitnis  which  White  and  others  tied  need  from  them.* 

That  lilt  re  is  boine  connexion  between  an  elevated  and  capacious  fore- 
head, lu  certain  races  of  men,  and  a  large  development  of  the  inteUeeloal 
faculties,  seems  highly  probable;  and  that  alow  faetal  aDgl«  is  frequently 
accompanied  with  inferiority  of  mental  powers,  is  certain ;  but  the  attempt 
to  trace  a  |Tailuated  scale  of  intelligenee  through  the  different  species  of 
mnimals  aoooinpenjing  the  modifications  of  the  form  of  the  ekuU»  is  a^ 
mere  Tieionary  speculation.  It  has  been  found  neceseaiy  to  exaggerate 
.the  sagaeity  of  the  ape  tribe  at  the  expense  of  the  dogi  and  strange  con« 
tradietione  l^ave  arisen  In  the  eonelnslons  dedueed  from  the  atmetore  of 

» 

the  elephant;  some  aoatomisia  being  disposed  to  deny  the  qnadrnped  the  . 
inielligenee  whkh  he  really  possesses,  because  Ibey  foond  that  the  Tolnme 
of  hia  brain  was  smsU  in  oomparison  to  that  of  the  other  mammalia  { 
while  others  were  inclined  to  magnify  extravagantly  the  superiority  of 
hie  intelleett  because  the  vertical  height  of  bis  skull  Is  eo  great  when 
eompered  lo  its  horixontal  length. 

D\ffenni  races  of  men  qrt  aU  (f  one  jpecict.— »lt  would  be  Inelevant 
to  our  subject  if  we  were  to  enter  Into  a  fbrther  diseussion  on  these 
topics ;  because,  even  if  a  graduated  scale  of  orgaoixatioo  and  intelli- 
gence could  have  been  established,  it  would  prove  nothing  in  favour  of  a 
tendency,  in  each  species,  to  attain  a  higher  state  of  perfection.  I  may 
refer  tlie  reader  to  the  writings  of  l'>lurnenbach,  l^rirhard,  Lawrence,  and 
others,  for  convincing  proofs  that  iluf  varieiies  of  form,  colour,  and 
organization  of  difTerenl  races  of  men,  are  perfectly  consistent  with  the 
generally  received  opinion,  lliat  all  the  individuals  of  liiO  species  have 
originated  from  a  single  pair ;  and,  while  they  exhibit  in  man  as  many 
diversities  of  a  phv«iologii:al  nalnro  as  appear  in  any  other  species,  tiiey 
confirm  also  the  opinion  of  the  slight  deviation  from  a  common  siaadard 
of  which  spcciea  are  ciipaHle. 

The  power  of  existing  and  muliipl\  ing  m  evi  ry  huiimlc,  and  in  every 
variety  of  situation  and  climate,  winch  has  enabled  the  great  human 
family  to  extend  itself  over  the  habitable  globe,  is  partly,  says  Lawrence, 
the  result  of  physical  constitution,  and  partly  of  the  mental  prerogative 
of  man*  If  he  did  not  possess  the  most  enduring  and  inflexible  corporeal 
fnmc,  his  arts  would  not  enable  him  to  be  the  inhabitant  of  all  climates, 
and  to  brave  the  extremes  of  heat  and  cold,  and  the  other  destructive 
influences  of  local  situation.t  Yet,  notwithstanding  this  flexibility  of 
bodily  frame,  we  find  no  signs  of  indefinite  departure  from  a  common 

*  Cbi  White oa  Ibt  Begvltr  Gndstioa  in  Man,  &c.,  1799. 
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BUndird»  lod  iIm  lotenDtrriagM  of  individoali  of  the  mott  leinote  vaiie- 
tiw  an  not  lew  fraitTal  than  between  thoae  of  the  same  tribe* 
TUdmann  on  the  brain  of  the  fcUui  in  verttbraUd  animaU, — ^Fhere 

is  yet  another  department  of  anatomical  diseovery  to  which  I  must  allude, 
because  it  has  appeared,  to  some  persons,  to  afford  a  distant  analogy,  at 
least,  to  that  progressive  development  by  which  some  of  the  inferior  spe- 
cies may  have  been  giadu  iil  v  perfected  into  those  of  more  complex 
organis^aiion.  Tiedemann  ftiuiid,  and  his  discoveries  have  been  most 
fully  ronfinue*!  uul  elucidated  by  M.  ^erres,  that  the  brain  of  the  f<ptns, 
in  tijc  iughcal  claas-  of  verlebrated  anunal?,  assumes,  in  succt^^iniK  I  irms 
anaIo(?ons  to  those  which  belon|r  to  fishes,  tt  piile??.  and  h\n\>,  ])vivYC.  it 
acquires  the  additions  and  modilications  which  are  pecuh.ir  to  the  raaiii' 
miferous  tribe.  80  that,  in  tlie  passage  from  the  embryo  to  the  perfect 
mammifert  there  is  a  typical  representaliont  ai  it  were,  of  all  those  trans* 
formations  which  the  ptiniitifv  ipeciea  are  iuppoaed  lo  hate  undergone, 
during  a  long  series  of  generations,  between  the  preaent  period  and  the 
remotest  geological  era. 

If  you  examine  the  brain  of  the  mammalia,  says  M.  Senea,  at  an  early 
stage  of  uterine  life,  yon  perceive  the  cerebral  hemiapherea  consolidaiedt 
as  in  fish,  in  two  ▼esidea,  tsolaled  one  from  the  other;  at  n  later  period* 
yon  aee  them  affect  the  configuration  of  the  cerebral  hemiapherea  of  rep* 
tiles ;  atill  later  again«  they  present  you  with  the  ffrms  of  those  of  birds  | 
finally,  they  acquire,  at  the  era  of  birth,  and  aometlmee  later,  the  perma* 
iient  forma  which  the  adult  mammalia  preaent. 

The  cerebral  hemispheres,  then,  arrive  at  the  state  which  we  obeerve 
in  the  higher  animals  only  by  a  series  of  sueceasive  metamorphoses.  If 
we  reduce  the  whole  of  theae  evolutions  to  four  periods,  we  shall  see, 
that  in  the  first  are  bom  the  cerebral  lobes  of  fishes ;  and  this  takes,  place 
homogeneously  in  all  classes.  The  second  period  will  give  us  the  organic 
zation  of  reptiles ;  the  thin),  the  braiu  of  birds;  aud  the  ruurih,  the 
coinplux  iiemisphercs  of  maaiaialia. 

If  we  could  develope  tlie  differeni  parts  of  the  brain  of  the  inferior 
classes,  we  should  make,  in  succession,  a  reptile  out  of  a  fish,  a  bird  out 
of  a  reptile,  and  a  inaiuniUerous  quadruped  out  of  a  bird.  If,  on  the 
contrary,  we  could  s^iarve  this  organ  in  the  mammalia,  up  Diiniit  reduce 
it  successively  to  the  condition  of  the  brain  vi'  ilif  ilin  e  u;I(.m  i  r  rlasses. 

Nature  ofter;  presents  us  with  this  last  phenomenon  m  monsters,  but 
never  cxtiibits  tho  first.  Among  the  various  deformities  which  organized 
beings  may  experience,  they  never  pass  the  limits  of  their  own  classes  to 
put  on  tlie  forms  of  the  class  above  them.  Never  does  a  fish  elevate 
itself  eo  as  to  assume  the  form  of  the  brain  of  a  reptile;  nor  does  the  lalp 
ler  ever  attain  that  of  birds ;  nor  the  bird  that  of  the  mammifer.  It  may 
happen  that  a  monster  may  have  two  beads;  but  the  oonformation  of  the 
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brain  always  remains  circumBcribed  narrowly  within  the  limits  ol  its 
class.* 

Bearing  of  these  discoveries  on  the  Ihrory  of  profrressive  develop' 
rnenf. — Tt  will  be  observed,  thai  these  curious  pht  nainena  disrlose,  in  a 
highly  interesting  niannrr,  the  unnS'  of  plan  thm  runs  through  tho  or*jani- 
zation  of  the  whole  series  of  vertebraied  animals ;  but  they  lend  no  sup- 
port whatever  to  the  notion  of  a  gradual  transmutation  of  one  species  into 
another  ;  least  of  all  of  the  passage,  in  tho  course  of  many  generations, 
firom  ea  aiiUDsl  of  a  more  simple  to  one  of  a  more  oomplex  atmctan*  On 
the  eontrary,  were  it  not  for  the  eterility  imposed  on  monsters,  aewell  aa 
on  bybrida  in  general,  the  argnmeot  to  be  derived  from  TiedemaoD^a  dia- 
covery,  like  that  dedueible  from  ezperimenta  respecting  hybridity,  would 
be  ia  fevoiir  of  the  aeeeeaeive  degimraty,  rather  than  the  perfectibUiljt 
in  the  ooarae  of  agea,  ofoerlain  claasei  of  organie  beioga. 

E9C€pUuit^hn^Fm  the  reaeoea,  ihaielbre,  detailed  in  thia  and  the', 
two  pieeedieg  ehapteia,  we  may  draw  the  following  inferencea  in  legaid 
to  die  reality  of  speefet  in  natnie 

let*  That  there  is  a  eapacity  in  all  speeiea  to  aecommodate  themaelfea, 
to  n  eortiin  extent,  to  a  ehtnge  of  exiemal  cifCttmataacea,  thia  extent 
Tarying  greatly,  aoeoiding  to  the  apeeiee. 

idly.  When  the  ehange  of  sitaation  which  they  can  endore  ia  great,  it 
is  Qsnally  attended  by  some  modificationa  of  the  form,  eolonr,  size,  stnic- 
tare,  or  other  particulars ;  hot  the  mutations  thus  superinduced  are 
governed  by  constant  laws,  and  the  capability  of  so  varying  forms  part  of 
the  permanent  specific  character. 

3dly.  Some  acquired  pcculiamies  of  form,  structure,  and  uiiiiinct,  are 
transmissible  to  the  offspring;  but  iliese  consist  of  such  qualities  and 
attributes  only  as  are  intimately  related  to  the  natural  wants  and  propen* 
aities  of  the  species. 

4ih]y.  'I  lie  entire  variation  from  tlir  eriLini  d  type,  which  any  sriven 
kind  ot  cliange  can  produce,  may  u.si;ally  be  eli'ecled  in  a  brief  period  of 
time,  after  which  no  farther  deviation  can  be  obtained  by  continuing  to 
alter  the  circumstances,  though  ever  so  gradually  ;  indefinite  divergence, 
either  in  the  way  of  improvement  or  deterioration,  being  prevented,  and 
the  least  possible  excess  beyond  the  defined  limita  being  fatal  to  the 
existence  of  the  individual. 

5thly.  The  intermixture  of  distinct  species  is  gnarded  against  by  the 
aversion  of  the  individuals  composing  then  to  sexual  onion,  or  by  the 
aiaiility  of  the  niiile  ofispring.  It  doea  not  ippear  that  true  hybrid  racea 
have  e?er  been  peipetaaied  for  aeveral  generaiioni,  even  by  the  asaiaiance 

*  K.  li.  A.  bcricB,  Axiatouiie  Compar^e  du  iJervc&u,  liiunLrated  by  numerous 
pUtM,  tome  i.,  MM. 
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of  man ;  for  the  e^M  usually  cited  relate  to  t^e  ofOBsing  of  mules  with 
individuali  of  puie  apeciea,  and  not  to  the  inienDizture  of  hybrid 
with  hybrid. 

6lhly.  From  the  above  ebhsiderationa,  ii  appeara  that  speciei  bava  a 
real  malence  in  natufe  $  and  that  each  was  endowed,  at  the  Ume  of  tie 
creation*  with  the  fttribulies  and  bijganisation  by  whiek  it  is  now  diatin- 
goished. 
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GBOLOaiCAL  AND  OTHER  SGiSMTIFIC  TBEMS 

USED  m  THIS  WORK. 

Ibft  «!f«lef  ml  Wlllop,  arc  without  haMi.  Tbe  ^bm  Accphala  of  CuTier  MB- 
prehendB  many  i^nera  of  animals  with  Mvalye  afaells,  and  a  few  whiili  m 

devoid  of  shells.    FJy/m,,  n,  a,  without,  and  *»<;>*x»,  cephaJr,  thf  head. 
AoiFoc  tRE.    A  substance  apparently  intermediate  between  fat  and  wax,  into  which 
dead  animal  matter  is  converted  when  buried  in  the  eaith,  and  in  a  certain  stags 
«f  dtonipMllioB.  Etym.f  adtptj  fat,  and  Mr»,  «Hh 

4 1 11111     An  apparatus  for  distiflhig'. 

JULos.  An  order  of  division  of  the  cryptogramic  class  of  plants.  The  whole  of  the 
seA'Weeds  nre  rompri^hended  under  this  division,  and  the  affliseiMMie£lil0  tsm 
in  this  work  %h  to  marine  plants.    Etym.y  alga^  SBS'WeecL 

Alluvial.   The  adjectiTe  of  aUuTium,  which  see. 

AuLunov.  SjnoiiyflMMie  wMh  aUwiOA,  whkh  we. 

Attvrmf.  Eulli,  iMid,  gncml,  tttnm,  and  ether  tnaepotM  iMllir  wUeb  hm 
h0Uk  vhM  away  tad  tinpeimdown  by  rivets,  floods,  or  eiher  tnoses,  upon  land 

not  prrTTutncnll ij  snhmerrrfA  bononth  the  waters  of  lakes  or  seas.  Etytn.,  alluo, 
to  wash  upon.  For  a  furth^  explanation  of  the  term  as  used  in  this  woritysee 
Vol.  II.,  pp.  122,  123.  998, 

Alom-stoh£,  Alumkm,  Alumixocs.  Alum  is  the  base  of  pare  clay,  and  stnta  of 
olaj  an  olln  n«t  widi  flOBliliiiaf  nnoh  iiMi  pyt^  When  tbe  latter 
ataaea  daeonpeaBa,  aidpliniia  aeid  ia  prodvaad,  whiahaiiiteaiRllitba  ahimiaaiM 
earth  of  tha  ctej  to  form  solpbate  of  alamine,  or  comnion  alom.  Where  maa^ 
factories  are  established  for  oblalaiBf  tha  alwDt  tha  iadoiataA  bada  af  oh^  «nii> 
ployeil  nro  called  Alum-stone. 

Ammo.mtx.  An  extinct  and  very  numerous  geuus  of  the  order  of  molluticous  ani- 
mals called  Cephalopoda,  allied  to  the  modem  geaua  JMautilus,  which  inhabited 
a  chambsfd  shsU,  coned  liha  a  acilad  aiiaha,  l^paataa  «f  it  aaa  ftond  ia  all 
geological  penoda  aftla  aaaoad^f  atnia;  iMlilisylwPeaalliaaB  aaaaiathe 
tactiasif  heda,  Iliaj  aia  aaaad  ftoat  tlMir  raaaaUnM  la  tka  bena  aa  Iha 
alatalea  9t  Jnpiter  Ammon. 

AmonrnovB.   Bodiaa  daroiA  af  legalic  Ibcm.  Etgrn^  a,    vilhaoty  aad  |Mff», 

■morj)hc,  form. 

AarcDALoto.    One  of  the  iosam  of  the  trap-rocks,  in  which  agutcs  and  simple 
mhienjs  appear  to  be  watteied  like  almonds  in  a  caka.  £tjfm.f  <ifiti9^«j^«, 
iHttj^^Uttf  aa  abaaad* 
Vol.  I^R 
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AvALOiKB.  A  itmpte  mliwnl  of  the  Zedile  ftmily,  alio  Mlbd  Oabiiite,  of  flfqant 
oeenifeaM  in  tke  tntp-foeka. 

AVAtOtfOS.  A  bodj  that  icMmbles  or  corresponds  with  another  body.  A  noeaft 
idiell  of  the  same  species  u  a  fiMsll-sliell  is  the  anologue  of  the  latter. 

Avon  nrurnr,  AffoPi.oTnrTurM.  A  fossil  extinct  quadruped  belonging  to  the  order 
Paniiydfrmata,  resembling  a  pig.  It  has  received  its  name  because  tht-  aniraal 
must  have  been  singularly  wanting  in  means  of  defence,  from  the  form  uf  its 
teeth  and  the  abaeooe  of  claws,  hoofii,  ead  horns.  Etym.f  *99wk»(,  ant^ploSf 
oaeraied,  and  ^fitv»  tktriam,  a  wild  beaet 

AvTAOomiT  Powsaa.  Two  powen  in  nattue,  tike  aetioii  of  tiie  one  countei acting 
that  of  the  other,  by  wMeh  a  kind  of  equUilwiuni  or  balaaee  b  maintained,  and 
the  destructive  ofieot  prevented  UMt  woold  be  pradoeed  taj  one opeiatiuf  with* 

out  a  check. 

A.fT£>>>»:.   The  artkolated  horns  with  which  the  heade  of  insects  are  inrariabljr 

fumitthed. 

AiTsmACiTK.  A  aUning  snbeCaaoe  liloe  Uaek-lead;  a  apeeiea  of  mdneiat  ehaiooaL 
£Kyin.,  oafftrax,  eoal, 

AavHRAcoTHXRioM.  A  name  pven  to  an  e^rtinot  quadraped,  supposed  to  belong  to 
the  Pachydermata,  the  bones  of  which  were  found  in  lignite  and  coal  of  the 
tertiary  strata.    £iym.,  tttS^atf ,  nnfhrfir.  conl,  and  3-j,^«er,  tkcrion,  wild  beast 

AifTBAoPoMoRPHocs.  Having  a  thrrn  re  si  iiibling  the  htunon.  tUyn.,  mt$fWtff  to^ 
tkrcfotf  a  man,  and  fj^ef9»,  morpkc^  form. 

AvTMUJiAi.  Asa.  If  a  range  of  hilla,or  a  valley,  be  compooed  of  ■tzata,  which  m 
iStm  two  ndea  dip  in  oppoate  diieetiona,  the  iaaaginary  line  thai  Hen  between 
them,  towaxda  which  the  atnlaoa  eech  side  tiae,  ia  called  the  antialinnl  aiia. 
In  a  row  of  houses  with  steep  roofs  facing  the  south,  Uie  slates  represent  inclined 
strata,  dipping  north  and  south,  and  the  ridge  is  an  cast  and  west  anticlinal  axis, 
in  the  accompanying  diagram,  a,  a,  are  the  anticlinal,  and  b^h^  the  ayadinal 
Uncs.  Elym.i  «?tj,  antif  against,  and  ftA,ir«)  ciifw,  to  incline. 


A>TisrrTic.  Substances  which  prevent  cormption  in  animnl  and  vegetable  matter, 
as  common  salt  does,  are  said  to  be  antiseptic.  Etifm.,  «rT/,  against,  and  rsr*, 
sepOf  to  putrefy. 

AniirAcxova.  Sandy.  JStym.,  aroMi,  nnd. 

AxeiiXACsoos.  Ckyey,coinpoeedof  clay.  Etym.,  argilU,  elMj, 

ARRAQotriTx.  A  simple  mineral,  a  variety  of  catbooate  limei  an  oalled  fton 
linvinir  bren  first  found  in  Arragon,  in  Spun. 

AvtiiTK.  A  simple  mineral  of  a  dark  green,  or  black  colour,  which  forms  a  con- 
stituent part  of  many  varieties  of  volcanic  rocks.  Name  applied  by  Pliny  tea 
particular  mineral,  from  Uie  Gr  i»k  auya,  auge,  lustre. 

AvALAiCBBS.  Maiiee  of  enow  which,  being  detached  from  great  heights  in  the 
Alpe»  acquire  enonnone  bnlk  by  fteih  aocnmnlatione  aa  tbey  deieend ;  and 
when  th^  ftll  into  the  valleys  below,  often  cause  great  deetniction.  lliery  are 
aleo  called  laeniv«t|  and  fagawefcsa,  in  the  diileeta  of  Switaeiland. 

Basf  LT.  One  of  the  most  common  varieties  of  the  Trap-rocks.  It  is  a  dark  frreen 
or  black  stouc,  composed  of  augite  and  felspar,  very  compact  in  texture,  and  of 


Digitized  by  Google 


aLOSSART.  Ml 

MMUmUt  teiMfliy  cAta  ftaai  fas  regular  pflkn  of  or  mm  iUm, 
— UaJhwdtfecolaiMM.  BwoMfciMa  iTiiniilM  rf  tMt  kuiA  «•  wmn  at  tha 
Oiuit's  Outewaj,  in  Ireland,  ud  «i  Fingal's  Care,  in  8 tafia,  one  of  tha 
Hebrides.  The  term  ia  used  by  Pliny,  and  it  said  to  eomc  from  fciMf,  am  ^ithio» 
pian  word  sii^nifyin?  iron.  'Vhr  rr»ck  nf>»'n  contain**  murh  iron. 
**BASiii"of  Paris,  "BAsi.-*  oi  L>undon.  UepuaiUj  lying  in  a  hollow  or  trough, 
formed  of  older  rocks;  sometimes  used  in  geology  almotiL  synonymously  with 

aldar  taslui 

M^m  An  wMaal  §b—  af  ^  order  of  walhwaaoi  animala  called  Cephato 

poda,  iMtfi^g  a  Jaf^  iteaight,  aid  ahaMha—J  fliitfail  thaiL  £fyNi.,^lnvcH?f 

hrffTTiTum,  a  dart. 

BrruM^fi.  Mineral  pitch,  of  which  the  tar-like  substance  which  in  nftrti  seen  to 
oo«e  out  of  the  Newcastle  coal  when  on  the  firSi  and  which  makuu  ii  cake,  is  a 
faoi  aaaaifla.  £^m.,  Mtemen,  pitok. 

BucHDX.  A  metallic  ore,  a  compound  of  the  metal  zinc  with  sulphnr.  It  is  often 
found  in  brown  shining  crystals,  hafBoa  ils  naoM  aBMQg  tiM  QeoBaB  miaaia^ 
from  the  word  I'ltrult  n,  to  dazzle. 

Blows.  High  bouk^i  presenting  a  precipitous  front  to  the  sea  or  a  rivar.  A  istm 
«aad  la  t%Uailad  BCaliaar  Jhrth  AoMTiaa. 

BsHBMBi.a&*  BaaaHfalhur  &  hwak  af  rranoa.   ftaak*  JiaiMh  iainit*  a  Imah  af 

^mjf^^^tt^^  IMD^l  Ml^Vffy  titit^^  l^QKDOtv 

BovuSEs.  A  pMfjMilltKBftr  laifa  iwinded  bloeka  of  stone  lying  «i  the  aoN 

fare  of  the  {rr^^'J^f?.  or  sometime!?  imHeddpd  in  !f>f>s(»  soil,  different  in  rnmpo^ition 

from  the  rocka  in  their  Tieiatty,  and  which  hare  been  therefore  transported 
a  distuice. 

BnxcciA*  A  rook  Mmpoeed  of  aognlar  ftagmenta  connected  tofetber  by  lime  or 


OaM  flnmiu  A  Oermaii  mm  fer  tha  dapwita  ftaM  apiiags  holding 

lime  in  solution — petrifvinj^  sprmj^     Fiff/rr?  ,  koJP,  lime,  ^mtrm.  to  drop. 
QaLCAIRF-  GRn<»??TrR.     An  oxtnisi  vc  slralujii,  or  rather  scries  1 1 1"  strata,  foun(i  in  the 

Paris  Basin,  belonging  to  the  Eocene  tertiary  period.    Bee  Tohle  L|  £,  Volt  U. 

pw  453.  £i^mf  ealeairtf  limeatonc,  and  grassier f  ooarae. 
OiKTiiaawa  HotM    LfaMftona.  £(ym.,  co^,  ItraBb 
OaMAnavaBram.  djaliWIiii  iiirtMalii  afliaa. 

^    A  «««_^  

Tfaiiirwnr'Pi    a  mhwm 
poaed  of  caleedony. 

Carr'>'*-    An  undecomposed  inflanimnble  substance,  one  of  the  simple  elei 
bodies.    Charcoal  is  almost  euiirily  composed  of  it.    Etrrm.,  rarhn^  coal 
Carbon 4T£  of  Liul.   lame  combines  with  great  avidity  with  caxbomc  acid,  a 

gaBeaMaaMaadjraWaadiaUfdMttaaMvMk 
af  H  wiih  eUar  aatalttaaB  aw  aaUad  Cliiri  wrtw  AH 
af  ifaM»  and  qokk  lime  is  obtaiaad  hf  Mfing  oflT  the  carbonic  acid  by  heat 
CaaBOVatBO  BpBiJiOf .   Springs  of  water,  contuning  carbonic  acid  gas.   They  an 

very  romraon,  especially  in  volranic  countries  ;  and  sometimes  contain  no  mnoh 
gas,  that  if  a  little  sui^ax  be  ilirowu  mt'i  the  watjprit  ♦'ffprvofices  like  soda-water. 
Caajioiiio  Acid  Cjas.   A  natural  gas  wluch  ollen  issues  Irom  the  ground,  especially 
Ii  vatoairia  aaomriaa*  £tym.,  airbo,  coal;  beoaaaa  tha  fia k  aMaad  by  the 


CAaaonraMoa.  A  liaiaMHdl^afpllad,inataalnioaliBMa,taia 
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04TMtiVMl.   A  deluge.   £eym.,  »(MMiM{«t  cotaeiiuo,  to  defaifi. 

€?xpUAroronA.  A  chss  of  molliitcoua  animal!*,  having  thr«ir  organs  of  motion 
arrant^t  (!  round  their  hpad.    Eti/m.,  iit<T"*>y.  rrjifuiJe,  hood,  uinl  ■ve.it.  pf^ria,  fret, 

Qbtacsa.  An  Older  of  vertebrated  nianaailerouii  anim&U  iakabiUng  Uie  sea.  Thft 
wbde,  dolphm,  and  aanral  are  ejuimples.    Etym.,  eeU,  whale. 

BaeTUrie  I.,  F,  Vol.  11.,  ^  4M. 
fStaUM*.  A  ailioeoua  minenl,  mmtSf  allied  to  fldbtdM^       flint,  but  less  bomoge- 
ofHms  and  nimfit    InlM.  A  gniwl  fMfifi  ipMntfeaft  to  iimmtam  m  noi 

uncommon. 

Chloiiitic  Sahd,    Sand  coiourod  p-een  by  an  admixture  oi  the  simple  ouneral 

chkinta.   £^m^        oc,  thtoroa^  green. 
Gu4TA«B.  CefteiA  loekiy  mdlj  MOed  riMi  Mshi,  may  tedMwdtatoMi  IbMp 

gmtaOf  BOt  pwiUal  to  piaMs  of  Hie  true  strata  or  hcgmB  «f  <ipiwiliwi 
The  planes  of  cleava|ri?,  therefore,  are  distingoishable  from  thoae  of  strattfica- 
tion  :  and  they  also  differ  from  joints,  which  are  fi««Mrf«»  or  lines  of  parting,  at 
definite  distancr*?,  nnd  olb  n  nt  ritrht  nngles  to  the  piuaea  uf  Rtratification.  The 
partings  wlucb  divide  columnar  basalt  into  prisms  are  joints.  The  masses  of 
«oek  iaehidMl  betw«Mi  joiata  cannot  be  cbanrtd  into  w  lwldlnli»  WPomkm  of 
\mkum  or iwfim^  plMiMrfcb>fif>  pwiM  tolte jthrta  «Miiil 
pwt  of  OMp.  xxTiL  Book  IV.,  YoL  IL 

Olivkstors,  eoM  oho  phiMwlite,  a  felspathio  foflk  of  tho  tMp  teOf ,  «Mdlf  i» 
sile.    It  is  sonorous  when  strnrk  vr.ih  a  hnmm»>r,  whence  its  name. 

iJoAL  FoRMATlOii.  This  term  is  generally  understood  to  mean  the  same  as  tbc  Cuai 
Measnres.  See  Table  I.,  M,  Vol.  11.  p.  4^.  There  are,  however, "coal  for- 
WfioM**  in  all  the  fedogioal  periods,  whem? er  any  of  the  vuieties  of  oool 
ftmio  %  principol  ooBoUtaont  pvtof  a  groi^of  iMi. 

CouomBA.  An  eider  of  inooete  (BmUoo)  whieli  Imkvo  Aw  iHBfi,tlM  uppor  pok 
>iif  onwii—iua  and  IhwiMf  m  ditli.  JIf  ■>  wmm^  wlsot,  >  dwiifc,  id 

C©»FnHMA«i  F.  When  the  plane*?  of  one  set  of  strata  are  geiKially  pariillrl  t')  tliose 
oi  another  set  which  are  in  contact,  they  are  said  to  be  conformable.  Thus  the 
set  a,  Fig.  139.,  Vol.  II.  p.  343,  rest  conformably  on  the  ioierior  set  c,  d  ;  bat 
Of  d  not  oBfloaihuari)^  on  I* 

GoPCBiiBBo.  flpeaieo  wUohboloaf  tothoMBOfoiM. 

Ohmlomeravb  OB  FfVDi  NO  STOPS.  Rounded  water-woCB  ftigmenta  of  rock  or 
pebbles,  cemented  together  by  another  mineral  substance,  which  may  be  of  a 
siliceooa,  mIomoom,  or  orgaiooooiMi  iiaiMO.   Mttgm.^  oiB|  tifotknr,  gloama^  to 

heap. 

ComrzKiK.  An  order  of  plants  which,  Uke  the  fir  and  pine,  bear  cones  or  tops  ia 
wHtk.  Hb  nodi  ON  OWliiBod.  JBtym.,  eoiuUf  cone,  and  /«ro,  tokott. 

qmii  A  nnlBikil  BMii  hi  ilMliBBt  po»toof  fatfoBd  i»B^ilhyoBlh>doBif  Hy 
of  B  kU,  tad  Bitak  b  gOBonl^  wittflvt  wBlv. 

OoBBBBMB.  A  nUdf  kmestono,  iMBdi^ Orfl oxlMieiTely  calti?ated  in  WUtahiie 
for  the  growth  ^  corn.  It  is  a  provincial  term  adopted  by  Smith.  Braih  it 
derived  from  br.  (nn,  Suton,  to  break.    See  Table  I.,  H,  Vol.  II  p  4^. 

Co>uisToii£.  A  proTincial  name  for  a  red  limeftone,  forming  a  scdt^urdiaate  bed  in 
the  Old  Red  Sandstone  gron^p. 

OotaoooOT,  OoiBoaoit,  Wotdo  lyaoByBiw  fa  iniiMdiig,  oppHtd  to  wfmditkm 
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ffMpc«tiBftiiiiiil<t%lft«rinDd»flroiwliMaf1heMith.  £ifm.,K«r/ucr>lcMiiuw, 
the  world,  wid  yn^  gmttf  feoeralkm,  or  m>««,  loym,  dbeooxw. 
CftAo.   A  provincial  name  in  Notfelk  and  Suffolk  for  a  deposit,  usuallj  of  gnvol, 

belonging  to  the  Older  Pliocene  period.    See  Table  I  ,      Vol.  II.  p.  453. 
GftATER.    The  circular  rivitv  at  the  suniinit  of  n  %'<>1t;ano,  fsoUL  wUch  Ihe  volouio 

matter  is  eject'^d     F.h/ru  ,  crater^  a  groat  cup  or  li  >vvl. 
CiicTACEous.    Beionging  to  cUalk.    Etym  ,  ereUt,  chuik. 

Caor  Out.  A  miner's  or  mineral  surveyor's  term,  to  ezpreaa  the  risitif  up  or  expo- 

MM  «t  ^  mtAm  «f  ft  imttim  or  iifiM  of  ftnte. 
CMTfT  09  vu  Bawni.  0m  **  E«th>  oroot" 

GftV'^TAc  KjiL.   Animals  haringaflhoUj  ooattng  ovoniil wUoh Aey OMt  pcooiiMlljf. 

Crabs,  shrimps,  and  lobsters,  are  examples. 

Ortftog Asiic.  A  nnif>»»  npp)i»»d  to  a  cl;i><«  of  plfint«».  nuch  as  fprnn,  mosses,  sea- 
woods,  and  funiji,  iri  whjcli  t!i''  fructificnt  inii  <>r  nrir  ui-i  <»l  reproiiur  tion  are  con- 
cealed.   Elym  ,  ufvirT6t,  kryptos,  conceaied,  and  y^t/xat^  gamos,  iiia/riaga. 

Omrai.t.  Simple  minerals  are  frequently  finind  m  Mgnlir  ibmrn,  wkk  Iheeta  liko 
the  dfO|Ni  of  eot  ghai  of  chuidelieri.  Qtwita  being  often  net  with  ta  loeke 
in  Mich  Ibniie,  and  beantifhllj  tnnepofent  like  iee,  was  called  roekF»ytl§l^ 
«^r<r«xksr«  crystalloB,  being  Greek  for  ice.  Henee  tlie  regoltr  f9rm9  of  other 
minerals  are  called  crysfn!«.  whether  they  be  rlrar  or  opakc 

CarsTALM/ED.  A  mineral  which  ia  foond  in  regular  forma  or  cxystab  is  said  to  be 
crystallized. 

CaysTALLiiia.  The  internal  texture  which  regular  crystals  exhibit  when  broken, 
or  a  ecofliied  aawmblage  of  ill'defined  ojetab.  tioaf-oagar  and  ilatwaiT-inar* 
Ue  ham  a  trjfttmUme  textnra.  Bngar^candy  and  calcaieona  ipar  are  orjitaUiaed. 

OrcADKJE.  An  order  of  plants  whieb  are  natives  of  w  inn  rlinaates,  mostly  tropieali 
although  some  are  found  at  the  Cape  of  Ciood  flopo.  I'iiey  have  a  short  stem, 
surmounted  by  a  peculiar  folta^,  termed  pinnated  fronds  by  botanists,  which 
spreads  in  a  circle.  The  term  is  derived  from  xuk«c,  egcatf  a  name  applied  by 
the  ancient  Greek  naturalist  Theophrastus  to  a  palm. 

CfnB4CS<«  A  tribe  of  planta  anaweriaf  to  the  English  eedges;  they  are  dialia* 
goiahed  ftom  graawa  by  their  almia  being  aoUd,  and  geaaiaUy  triangalar^ 
itiatirad  of  being  hollow  and  Tound.  Tofether  with  graaiMUM  tihaj  eoaatitnta 
what  wiiteip  on  botaaieal  geography  often  eall  fineuMan. 

Debacle.  A  great  rusli  of  waters,  wiiich,  brcakinj^  down  all  opposing  btirrn  rs, 
carries  iorward  the  broken  fragments  of  rocks,  and  spreads  them  m  ita  course. 
Etym.f  (Ubadett  IVeneh,  to  lOibar,  to  biMk  up  aa  a  rivet  doeaal  the  oeeeation 
of  a  long^eentinned  fteet 

DitiTA.  When  a  gnat  river,  before  it  entoia  the  eea,  divider  into  aeparato  atreamai , 
they  often  diverge  and  form  two  ildee  of  a  triangle,  the  sea  being  the  base. 
The  land  included  by  the  three  linet,  and  which  is  invariably  alluvial,  was  first 
called,  in  the  cfi^e  of  the  Nile,  a  delta,  from  its  resemblance  to  Uie  letter  of  the 
Greek  alphabet  which  goes  by  that  name,  A.  Geologists  apply  tiie  term  to  allu- 
vial land  formed  by  a  river  at  its  mouth,  without  referenoe  to  ite  preciae  sbape. 

I>anuDaTion.  The  eairying  away  by  the  action  of  running  water  of  a  portion  of 
tlieaolidaMteiialaefthelHid,liy  whaehinMer  ineln  aw  laid  tato.  Stgm^ 
4mmi9f  to  lay  bare. 

DasiccATiov.   The  act  of  drying  up.    fTfym.,  rfmVco,  to  dry  up. 

DroxtoiZED,  Deoxidated.    Deprived  of  oxyfT^n     Disunited  from  oxygen. 

DiAt-uNAi.  Stratification.    For  an  expIanaUuu  of  ihiu  U.rm,  bi  t  V  ul  I!  p  318. 

DtcoTYLSPOH 001 .   A  paud  division  of  the  vegetable  kingdom,  tuuuded  uu  Uie  plant 
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buring  two  eoi^ttimu  cr  «ed-lobeik  Ayw.,  Ar»      do^Ut,  aad  sMMuiibt, 

DiKBt.  WhoB  a  awn  of  the  anstratifiMior  igneous  rocks,  such  as  granite,  trap,  tad 

lara,  appears  as  if  injected  into  a  great  rent  in  the  stratified  rocks,  cutting  across 
the  strata,  it  forms  a  dike  ;  and  an  they  are  sometimes  seen  running  along  the 
ground,  and  projecting,  hkc  a  wall,  from  the  softer  strata  on  both  sides  of  th*>m 
having  wasteii  away,  they  are  called  in  the  north  of  England  and  m  bcoUaud 
dfttf,  tha  pioviaeiil  nana  ibr  watt.  It  k  aat  oaqr  lo  diaw  tha  liaa  beiaaaa 
dakM  and  vaiiu.  The  former  are  gaaaiallyof  laigardimanaio— ,aiid  toaa  their 
sides  parallel  for  considerable  distances;  while  veins  havegaaaiaUy Mkaayiaaii- 
ficationa,  and  these  often  thin  away  into  slender  threads. 

0ILrv!i'M.  Tho««o  arrnmulations  of  gravel  and  loose  materials  which,  by  some 
gn'ologisUi,  axe  Maid  U»  have  been  produced  by  the  action  of  a  diluvian  wave  or 
deluge  sweeping  over  the  surface  of  the  earth.    Ktym.^  dUucium,  deluge. 

Dir.  Whan  a  atnUam  doea  not  lie  horiao&taUy,  hot  »  inclined,  it  ia  Mid  to  d^ 
towaida  womt  pMBt  of  the  compiw,  and  the  aa|^  it  nwltaa  with  tha  horiaaa  ia 
ailled  the  angle  of  dip  <Mr  inclination 

DfTTBBA.  An  order  of  insects,  comprising  those  wiiieh  hava  onlj  two  winga. 
Etym.,  /<c,  ffi.",  double,  and  wrtfitf  pteron,  wing. 

DoLERiTK.    One  ul  the  varieties  of  the  trap-rocks,  compos*>d  of  ^tirfite  and  felspar. 

Dolomite.  A  crystalline  limestone,  containing  magnesia  as  a  constituent  part, 
reamed  afWr  Uie  Fieneh  geologist  DolamiavL 

Dtmni.  Low  hllla  of  Mown  laad  that  ekirt  tha  ihoiaa  of  HoUaad,  Eag)andy  Bpaia, 
aad  other  aooatiiM. 

Earth's  Crust.  Soch •nparfieial  pwta (rf*  our  planet  aa  ue  aocwwMa  to  haam 

observation . 

Elytra.  The  wing>»beaths,  or  upper  crastaceous  membranes,  which  form  the 
•opehor  wings  in  the  tribe  of  beetles.  They  cover  the  body,  and  protect  the 
true  membianooa  wing.  Etym.,  twr^tt,  elytron,  a  ahaatb. 

Bocan.  Saa  aiplaaakion  of  tfaia  wofd,  YoL  IL  p.  SM* 

EtcAnraBaT.  Tha  abrnpt  ftoa  «f  a  lidga  of  high  land.  lSl||Bi.,  uemfer,  Fraaah, 

to  eat  steep. 

SlTVARiF<i.  Inlets  of  the  land,  which  arr  cnit  rf  J  both  by  rivers  and  the  tides 
of  the  sea.  Thus  we  have  the  estuanes  of  the  Thames,  Bevem,  Tay,  dbc. 
Ehfm.f  astuSf  the  tide. 

EipnBianrruM  Caoeie,  A  deoislTe  axpenaiaBt,  ao  aallid  baoamai  liko  a  croai  or 
diiaotion  post,itdinoliinaatotraaknowM^;Qr,aaMKDaaiVlaiait»haQanai 
itbakiadof  toftnia  wharaby  tha aatna  of  tho  Ihinf  aa  aiterlad, oa  it waiOp 
by  violanoa* 

BsoviJC.  Properly  speaking,  the  transient  parts  of  certain  animals,  which  thcv  put 
off  or  lay  down  to  assuiiie  new  ones,  as  serpents  and  caterpillars  shift  their 
skins  ;  but  in  fi;c  ology  it  refers  not  only  to  the  cast-off  coverings  of  animals,  but 
to  fossil  sheUs  and  other  remains  which  axmnaia  iiave  leil  xn  the  strata  ot  tiie 
aarih.  Etf/m,,  exueref  to  pot  off  or  diveaL 

Fatosa.  A  French  profiaeial  nama  ftr  aooia  Inliaiy  atnla  abonading  in  shells  in 
IWaSaOyWhiohiaMndiiaialitholofiedohaiaatBaitha  «<ei«g"  of  Ntffolkaad 

Suffolk. 

Fault,  in  the  language  of  miners,  tiic  sudden  interruption  of  thr  contirmity  <  f 
strata  in  the  same  plane,  accompanied  by  a  craek  or  fissurp  varying  in  wi<iih 
from  a  mere  line  to  several  feet,  wiuch  is  generaiiy  hiied  with  broken  atone, 
clay,  dea. 
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TlMilnlt«,  hf  Cf  Ac.,  mMt  •!  oa« 
tinw  hft^  beta  ooBtfmMiM ;  tat  a  Am- 

[a  tare  haying  taken  place  at  the  fkalt 


_  in  B  ia  many  feet  lower  than  the  aame 

A  ^  B  M«  is  lb*  portion  A. 

Tavva,  Th$  virfooi  Undi  of  ulnili  peculiar  to  ■  oooatiy  cougtituto  ili  TAiniA, 
as  the  Tvioai  kinds  of  plants  conolicnte  ita  Floka.  TIw  lenn  h  dofifod  tnm 

the  Faohi,  or  rurnl  deities,  in  Roman  Mytiiolopy. 

Fklspar.  a  siinplt'  uiinoml,  which,  next  to  quartz,  constitutes  the  chief  material 
of  rocks.  The  white  angular  portions  in  granite  are  felspar.  This  mineral 
always  contains  some  alkali  in  its  oompoaitioii.  In  common  felspar  the  alkali 
If  polMbs  inaBollMrYttiolj,«]M  AlbHoor  Cien?luidilo»ititMdn.  QRaajf 
Iblopir  is  ninm  nppUsd  trin  tto  flijildi  hm  a  oooridefaUa  degM 
fWloncy.  Compact  felspar  is  a  name  of  more  vaguo  i^liitotioil. 
BO  called  appears  to  contain  both  potash  and  soda. 

Tklspatuic.    Of  or  belonn^ing  to  felspar. 

Fkrrooihovs.   Any  thing  containing  iron.   Etym.f  ferruMf  iron. 

F1.0BTZ  Rocks.   A  Qennan  tonn  appUod  to  tho  woondaiy  strata  by  the  geologiils 

of  ttift  Miuiliji  booran  tfiMi  fodu  wtn  rappoMd  to  oocv  immI  flequently  in 

flat  boriMKtol  bodi.  Et§m,,  jBte^  n  byr  or  otwl— . 

Flora  .   The  Tarions  kinds  of  trow  and  plants  found  ia  wof  ttmtaf  **nrHftlft  thi 

florn  of  that  country,  in  the  language  of  botanists.  • 
Flcviatile.    Belonging  to  a  river.    Etym.f  Jlurius,  a  river. 

FoRAMiAiFBaA.   A  name  given  by  D'Orbigny  to  a  family  of  microscopic  shells, 
■eTeral  of  whieb  are  fignied  in  Plate  XIII.,  Vol.  IL  p.  977,  of  this  work.  Their 
dUfciontdmBabwaaia  anittd  by  a  small  poribwHooorybiiwiim.  firnniit  nboai 
Tittnn  has  tbnim  tbit inmn  it  Irsst  am  nnt  nnphilnpnilo,  lo  ITfrrblgBj  wippimil. 

FoBBAViow.  A  gronpi  wbetfior  of  allinria]  deporfti,  ■edhnowtafy  olittay  or  igaeow 
rocks,  referred  to  a  common  origin  or  y>eriod. 

Fossil.  All  minerals  were  once  called  fosails,  but  geoloaists  now  use  the  word  only 
to  express  the  remains  of  animals  and  plants  found  buned  in  the  earth.  jEtym.^ 
fu$Uis,  any  thing  that  may  be  dog  out  of  the  earth. 

FofUuySMVf •  Goatobiing  organio  itmboM. 

Oauva.  a  metallic  ore,  a  compound  of  load  and  ndpbnr.  It  bar  oAta  A*  1^ 

pearance  of  highly  polished  lead.    Ktym,.  >«m«,  gaUo,  to  shine. 
Garmbt.    a  simple  mineral,  generally  of  a  deep  red  colour,  crystalllied  ;  mostcOOh 

monly  met  with  in  mica  slate,  but  also  in  granite  and  otht-r  ijrnenua  rock«. 
GASTKRoroDS.   A  division  of  the  Testacea  in  which,  as  in  the  hmpet,  the  foot  ia 

■MmM  to  Ite  body.  £(ym.,  ymmf,  gastetf  belly ,  aai        pida»  ibet 
Oavlv.  a  pwthtohJ  aant  ia  tfca  aaol  of  Eaglaad  Ibr  a  aeiloo  of  bodi  of  ohgr  and 

mtA,  ito  flodbgical  position  of  which  la  botwaon  ftm  upper  and  i 

sand.   See  Table  I.,  F,  Vol.  11.  p.  454. 
Gsv,  or  Gemmule,  from  the  Latin  gemmae  a  bud.   The  term,  applied  tOi 

means  a  young  animal  not  confined  within  an  envelope  or  egg. 
GxoLOOT,  Gboosost.    Both  mean  tlic  itame  thing;  but  with  an  unnecessary  degree 

of  nisMBtal  in  tanns,  it  has  been  proposed  to  oaU  onr  deseription  of  the  sirao* 

ton  if  Ibi  tilth  geognosy  (i:fym.,>i«,g0a,  earth,  and  yttmnm,  gtosiDS,toknoir>» 
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ind  onr  thBomieal  lycuhUuM  m  to  ili  ftnHtton  gtology  (Etym.t 

Q&AcixB*  Tut  aecamwTitiftTw  of  fos  aad  harde^od  mow  fai  the  Alpo  tad  mte 

lofty  mountains.    Etijm.,  gldce,  Fr'^nrh  for  ioe. 

Oiucis.  A  term  borrowed  from  the  langua^  of  fortification,  where  it  rofftni'  M 
easy  insensible  slope  or  declivity,  leas  steep  than  a  talus,  which  see. 

Ghkiss.  a  dtratified  primary  rock,  oompoeed  of  the  saoie  materials  a»  graoite,  htsk 
hftfing  wuaily  a  larger  proporticft  of  anlet  iBd  •  hmiUffd  tostan.  TliO  WOfi 
if  a  GofnMa  nliiMr'o  tosn. 

Onjunvu.  Tho  order  of  plants  to  wtdoh  ^awea  belong.  Eti/m,^grtmmt  gmo. 

Q»JuarMm  Ab  unstratified  or  igneous  rock,  generally  found  inferior  to  or  associated 
■with  thp  nl<]of^t  of  tlio  stratified  rocks,  and  sometimes  penetrating  them  in  the 
form  ot  (ijlvi  ri  uid  v^'ins.  It  is  usually  Composed  of  lliree  saiiple  uiinerabi,  fel- 
spar, quortx,  oud  mica,uad  derives  its  Dame  from  having  a  coarse  grunular  struc- 
toco;  jTMNMiy  ht  gndB«  WoftHUMter^  Wotnloo,  t»d  Loaloa  bridges, 
Md  IIm  paviiif-oloaflt  10  tho  OMfi«go>wiy  of  tha  London  ■Uteti^  oJRwd  good 
oiomploo  of  tho  JiUMi  oomaMMn  votietieo  of  gnaiti. 

Orxxksahd.  Beds  of  sand,  sandstone,  limestone,  hoWninf  to  tho  Cretaceooe 
Period  See  Table  I  ,  F,  Vol  li  p.  454.  Tho  name  is  given  to  tlie^e  f»#>flg 
because  lln^y  nOfn,  Imt  wA  always,  contain  an  abundance  of  green  earth  or 
chlorite  scattcicd  ihrougii  the  substance  of  tiie  sandstone,  limestone,  dtc  Seo 
Vol  IL^  434. 

Qunravom.  A  indo^  of Iwp^oniiipnoitl  of  horoMaiid^  md  fthpor. 
Gmxtwaoeb.  Qfmnmki^  a  German  aaao,  generally  adopted  by  geologiola  ftr  tht 

lowest  n!iembers  of  the  secondary  strata.  Table  L,  O,  Vol.  LI.  p.  456 ;  oee  afaio 
Vol.  If  pp  fiO^  I'M  TliP  rock  is  very  often  nf  n  «jray  colour;  hence  the  VUB0| 
frraUj  bein<r  iicmiati  for  firay,  and  irackr,  bi-iii:.'  a  pxovinciai  minor's  tenn> 

GiUT.    A  provincial  name  lor  a  coane>graiued  sandstone. 

GxrsuMJ  A  miMit]  oovpoiod  of  Juno  aad  mtUfkn^  aoidylioMO  eoUad  tSm  tt^ 
fAaUJofUmM.  Flateaadotiioooaio  obtainodbjezpooing  gypgnm  toailn^g 
boat.  It  ii  JfiMad  00  abundant^  boot  Pads,  tbat  plMtor  of  Paw  ia  a  ownmiwi 
tenn  in  this  country  for  the  white  powdor  of  vbiob  oasts  are  made.  The  term 
is  used  by  Pliny  for  a  stono  Qood  Soi  tbo  oiBM  foipoMi  bj  tbo  oaflionti.  Tha 

derivation  is  unknn^rn. 
Gypsr.oi  s.    Of  or  bduiiging  to  gypsum. 

GvKoauMiTKa.  liodiett  found  in  freshwater  deposits,  originally  supposed  to  be  mi- 
oioooopio  ahoUa,  but  •oboeqaontly  dlojomad  to  bo  tba  aaod-iiawl  of  Aaahmtet 
plaata  of  tho  ganao  dUm.  Boa  Vol.  II.  pp.  166^  160.  AyM.,  >ofsc*  gyw, 
owvad^  and  ^NTf  #BiW|  opody  OB  iooovat  of  thair  astaml  olraotiiua. 

HsMfiTXRA.    An  order  of  insentfl,  so  called  from  a  peruliaritv  in  fh^ir  wings,  the 

superior     ini:  coriace  miH  at  ilm  base^  and  membranous  at  the  ajpeXt 

iuvusUf  iiail,  and  wrtfur,  ptuuUf  wing. 
Hoaawa«»B.  A  simple  aiiaeial  of  a  dark  green  or  Maok  odoor,  which  enters 

huvelf  into  tho  ooasposilkn  of  osvoial  laristiaa  of  ths  lisf  rsoka. 
HoaisToan.  AsUioooos  ninonlsokolaaaOiSoinotiaosapinoiahii^Maiif  tofliat, 

or  ooauBon  qoaits.  It  has  a  oowohoiddftiotBta,  sad  Is  wfasiMSi  which  dfalhK 

guisbes  it  from  compact  felspar. 
HuMFRT'H.    The  bone  of  th*""  iijipf*r  arm. 

Uijuuoi'inTKS.   Plants  whichgrow  m  water.   £^ysi.,  vimf,kjfdoT,  water, and  ^tM| 
jiAyton,  plant 

BimmubBmu.  Pacatt«ivlniamaf thiatnyaMTflLII^Gh.acfiL 
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IncAivDXSGBiiT.   White  hot — having  a  more  intense  degree  of  heat  than  red  heat. 
IcEBKRo.  Gwt  miwww  of  ioe,  ollftn  th»  tim  of  hUbi  which  flott  to  the  fcht 

•djMent  iSM.  £iyM.,  im,  and  htrg,  Qemia  ibr  hUl. 
]«nHvoiAinur*.  A  gipoitie  fossil  marine  ropCilBi  itttBfiiMdiilB  bctmstt  ft  moBM^Il) 

and  a  fish.   Etym.,  ix^»ft  iehthus,  a  fiihy  and  r<ti//a,  Mura,  a  Uaid. 
IwEors  RocK<;.   All  rnrk<',  f^nrh     Inva,  tia|^ and  giaoitoi knoim  cr  aiqipofedto 

have  been  meited  by  volcanic  heat. 
Ijiodction.   a  con^qaence,  inference,  or  general  principle  drawn  from  a  number 

of  particular  fact*  or  phenomena.   The  inductive  philosophy,  says  Mr.  Whe- 

weU,  ha»  haen  lightly  daaerihad  aaaaelMiM  whkh  aaeanda  ftam  particiilar  ftala 

toganeral  priaeipleay  and  than  deaoanda  again  ftom  ffaaaa  fenand  prfaeiplaa  to 

pattiettlar  appUaalionB. 
IffFTsoRT  Animalcules.   Minute  living  creatures  found  in  many  in/u^unu ;  and 

the  tortn  in  fusori  has  been  given  to  all  suoli  animalculaii  whether  ibond  in 

infusions  or  in  stagnant  water,  vinegar,  &c.. 
Iiiu>issAT£i>.    Tliickeucd.    i^ym  ,  j|pi&na,  thick. 

IvTsnrsBnATSD  Avmau.  Animah  whieh  aft  not  flmkbad  with  n  badbtteaa. 

For  nlhrthtrozilanstaon,aeo''Voftolmlad  Animak.''  ^' 
laoiHiniiAi,.  Svoh  mnaa  or  divfaiena  oC  tha  land,  ooato,  or  «^aioipheva,.#IM 
hnte  an  oqoaldegtao  of  naan  annual  wannth,  are  aaid  to  Bo  iaotbevtinli  ftodl 
/  t^Ht  <ao>>  oqqal|  and  9^fUf  tilwam,  hoot 

JoiiCTS,  JoifiTtii  Structprk.         '  Cloavagc." 

JcRA  Laji£SToirx.  The  Umcstoncs  belonging  to  the  Oolitic  Group  (Sec  Tobh  I.  U, 
VoL  n.  p.  464)  coBMtitolo  the  ehief  past  of  the  moontaina  of  (ho  into,  haCtioon 
Tkanea  and  SwStaarland ;  and  heooo  fho  gOolo||iata  of  tho  OontfttOnlhvr^  gtron 
^bn  naino  to  tho  gionp* 

KniMEniDGL  Clay.  A  thick  bed  of  clay,  constituting  a  memb<*r  (  f  Vio  fVilite 
Group.  See  Table  I.,  II,  Vol.  il.  p.  454.  So  called  bocauee  it  lb  found  well 
davaloped  at  Kimmcridge  in  the  isle  of  Fxubecki  Dorsetshire. 

JUACVtratra.  Belonging  to  a  lake.  Etijm . ,  (acnty  •  lake. 

Lamaktoik.  A  IiTing  apedea  of  tho  heihivoioiu  oetacea  or  whale  tffho,  which  is- 
haUta  tho  moatha  of  fifora  on  tho  ooaata  of  Aflioa  and  8oath  Amofiot:  tho 
aea  cow. 

LaWT-LLiFtRors.    Having  a  structnr*'  ronaisting  oi  llnin  plates  or  leaves  like  paper. 

Ktym.y  lamella,  the  diminutive  oi  lamina,  plate,  and  ftro,  to  bear. 
l»AMi.s;e.    Latin  for  plates;  used  in  geology,  for  the  smaller  layers  of  which  a 

stratum  is  firequently  compoaed. 
tiaPDSLir.  A  portion  of  land  that  has  elid  down  in  eoBiaqoanoo  of  dialniliaJkoe  hf 

an  earthqnako,  ot  fhmi  being  indehafaiedhy  water  waahi^ 

which  supported  it. 

LayiDiricATioN— Lapidiiyingprooeaa.  Convendon into atono.  Aya».,2^9«»,aionei 

and  jw,  to  make. 

LArii.i.i.    Small  volcanic  cinders.    Lapillus,  a  little  stone. 

Lav*.    The  stone  which  flows  in  a  melted  state  from  a  volcano. 

X4£uciT£.  A  Kiniplc  nuneral  found  in  trolcaiiio  tocka,  cryatalUaed,  and  of  a  while 
ooloor.   Etym.,  Mvm»<f  UucoSf  wliite. 

Lus.  A  prorinelal  nano  adopted  in  aeiontifio  language  fi>r  a  parftcular  kind  ef 
limfsiono,  wtuohyheuig  charaotariied  together  with  its  associated  bcda,by  pecu- 
liar fossils,  forma  a  partioukr  gfoop  of  the  aooottdaij  strata.  See  Tahle  L,  Vol. 
II,  p  455. 
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LiompxnDovs  A  term  applied  to  iofects  witidi  iiestroy  wooii.  Etym.,  iigmtm^ 
wood,  and  perdo,  to  dcalrdj. 

LiosiTK.   Wood  converted  into  a  kind  of  ootl*  Etym.,  lignum^  wood, 

LiTBOvou.  UoUapootti  uiiiMb  wliich  ftrin  hdet  in  Mlid  neks  in  whidi  Ifaej 
lodge  thttDMlYM.  Tlie  liolu  tM  not  podhnted  meohiniMlly,  bat  th6  rock 
appewt  to  be  diuolyed.   Etym.j  ^ifie;,  2iMo5,  stone,  %aiitfm^  dtm,  l»  build. 

IdraoeiHOOB  Polyps.    Animals  which  form  coral. 

LrrnoORAPHlc  Sto>k.  A  slaty  f  niimrt  liin'  stone,  of  a  yellowish  colour  and  fine 
grain,  used  in  Uthography,  whicii  is  the  an  of  drawing  upon  and  piiating  &om 
■tone.    iUym.f  AiSof,  UlhoSf  »tone,  and  yf*^m,  grafhOi  ^  wiite* 

Lithoioaim  Hftving  n  itooy  ttrootue. 

IiRBoLoeioAi..  A  term  eKprewiag  the  etonj  ■ttnetiutt  Of  ehimntw  of  a  nuncfel 
rr^nrnm  We  spcak  of  tbo  IiUudifiMl  character  of  a  stntiun  «■  diitingniehed 
fimnite  aookfioel  ehaneter.  <Efyin.,  juOh, Utkoa^  stone,  tad  MHc»l^re^ d» 

course. 

I/iTHOiMiAGi.    Molluscous  animals  which  fnrni  liolos  in  solid  stones.    See  "  iiltbo- 

domi."    Etifm,^  XiSet,  liliuts,  stoue,  and  <f*yuit pJuigcinf  io 
LiTHopHTTss.  The  anunale  vbioh  form  steiHWwL 
LmoiAi..  Belongiiif  to  tbe  ihon.  i^^,  ttfiif,  tim-ehme. 
Iiojji.  A  mixture  of  mnd  end  olij. 

LonnoDoii.  A  genns  of  eitinotfoidfi^^ed^aUiadto  tlm  T^pii,nHB0dfi«mtmir 

npncM  on  the  teeth. 

liVCOrODiAcr  T.  Plants  of  an  inierior  degree  of  organization  to  Coniferti!,  some  of 
which  Uxvy  very  much  resemble  in  fuhage,  but  ail  recent  species  arc  imiiutely 
■metter.  Many  of  the  fossil  speciee  am  as  giguotie  ee  leoentooiiifeni.  TM 
modeofieprednetioniaaiialofowtotbatof  Ama.  In  Engladi  tfa^  afo  oalM 
dabHDDiooies,  generally  found  in  mountainooa  heaths  in  the  north  of  En^and. 

Ltpiav  Stoke.  Flinty  slate  ^  a  hind  of  ^aaitaavfiiat,  allied  to  hoaiiloBa,bai«f  a 
gmjiih  black  oolour. 

MaciGiru.    In  Italy  this  term  has  been  applied  to  a  siUceous  sandstone  sometun^ 

containing  calcareous  grains,  mica,  dice. 
MaoaaromB.  A  genua  of  camls,  but  genenlly  applied  te  alltha  eenbdlalingniriiod 

bjaqperfleialftaHhapedoaritiefl.  Tbeie  are  MTaial  fo«il-s|«eaee. 
MaGKEsiAif  LiM£STOR£.  An  oxtenaTe  seijea  ef  beds,  the  geological  prsi  i  a  «f 

which  is  immediately  above  the  coal-measurcf  :  fo  ra!l«^d  because  the  limestone, 

tlie  ftrinripal  member  of  the  series,  contains  much  of  the  earth  ini>jp>esia  as  a 

consuiuent  part.    See  Table  I.  L,  Vol.  XI.  p.  455. 
MAUui>'£Kous.   Mammifers.   Animals  ivhich  give  suck  to  their  young.   To  tUa 

daai  all  the  wann4ilooded  qdadrupeds,  and  the  eelaoea,  off  whalea,  balaaf  . 

Etifm,,  ■awms,  a  bieist,/wv,  to  bear. 
MaMniLLaBT.  A  surface  which  is  atndded  otsr  with  xovaded  prcjaatioM.  B|ak, 

mammilla,  a  little  breast  or  pap. 
JCammotb.    An  extinct  species  of  the  elephant  {E.  prhnfifcnius)^  of  which  the  fossil 

bones  are  frequently  met  with  in  various  countries.    The  name  is  of  Tartar 

origin,  and  is  used  in  Siberia  for  animalii  that  burrow  under  ground. 
Havati.  One  of  the  cetaeea,  the  lea^w  or  lamantine  (SVidUcAne  msnefaty  Urn.} 
Maai..  A  miatam of  elaj  and  lime;  nsoally  soft, bot  fometimas  hardpin  whisk 

case  it  is  called  indorated  marl. 
Maiudpial  Arimals.   a  tribe  of  quadnqiads  having  a  sack  dr  pooob  nnder  the 

belly,  in  whirh  they  carry  their  yomi^  The  kaiigarooisa  walUDUiwn exsm* 
.  pie.  £tytti.f  laarsufiumt  a  purse. 


Digitized  by  GoogI 


I 


QLOBSARY.  M 

Mastodon.  A  genus  of  foamil  extinct  quadrupeds  allied  to  the  elephants ;  so  called 
ftcMBtlie  fam  of  tbt  hind  ieetli  or  grinders,  which  bare  their  sarfaoe  corered 
with  conical  munmiilarf  cmta.  ' JE^fym.,  fi«rT«(,  mojCm,  pap,  and  slW,  tfdsn, 

tooth. 

Matrix.  If  a  simple  mineral  or  shell,  in  place  of  being  detadied|be  ittll  fixed  in 
a  portion  of  rock,  it  is  said  to  bo  in  its  matrix.    Matrir,  w<>nib 

MtcHtMc^i  Opjnrs.  Rocks  or.  Hocks  composed  of  sand,  pcbl  li  or  fragments, 
are  so  called,  to  distinguish  them  from  those  of  a  uniform  cryst&iliae  texture, 
Whieli  are  of  lyfcip™^^  origin. 

Hbousji.  a  gcnna  of  marine  ndtnted  animalei  withont  ihelte;  eo  called  became 
their  orgeni  of  motion  ipieed  out  like  the  snalcj  hair  of  the  Ikbolone  Meduae, 

Hxoii.osAOMrf.  A  fcaail  gigantic  amphibioua  animal  of  the  saurian  or  lizard  and 
crocodile  tribe.    Elym.,  jutyx^n,  megtile,  great,  and  saura,  lizard. 

MfG  ATiiKRiuM.  A  fossil  extinct  quadruped,  rescmbUng  a  gigantic  iiotb*  EtjfM»p 
mega,  great,  and  difficr,  thcrion,  wild  boast. 

Melastoma.  a  genus  of  Melastomacka,  an  order  of  exotic  plants  of  the  ever- 
green tree,  and  ihmbbj  kinda.  Ett/m.,  /utx«c,  melaSf  black,  and  rT«/u«,  stomaf 
aonth;  becanae  the  ftuit  of  cue  of  the  apeciea  ataina  the  lipe. 

HBsorrrn.  A  ranple  minerd,  white,  and  needloHdiaped,  one  of  the  Zeolite  ftmUyt 
fteqnentfy  met  with  in  tlie  trap-rocks. 

MrTAMORPHic  Rocks.    For  an  explanation  of  this  term,  see  Vol.  II.,  Ch.  xxvli. 

Mica.  A  simple  mineral,  having  a  ehining  silvery  stirface,  and  capable  of  being 
split  into  very  thin  elastic  leaves  or  scales.  It  la  ntu  n  called  talc,  in  common 
life ;  but  mineralogists  apply  the  term  talc  to  a  dilTercut  miucral.  The  brilliant 
Bcalee  in  granite  are  mica.  £tym.,  mico,  to  aliinA/ 

MiCA'CLATX,  MicA<scHitr,  MicAcsova  Scmvrore.  One  of  the  loweet  of  fheftratilled 
tocka,  belonging  to  the  hypogene  or  primary  dHa,  which  ie  chataeteriaed  by 
being  eompcaed  9f.m  large  proportion  of  mica  united  with  qnartt. 

MxocTyT.    See  an  explanation  of  this  term,  Vol.  II.  p.  224. 

MoLASSE.  A  provincial  name  for  a  soft  green  sandstone,  associated  with  mnrl  and 
conglomerates,  belonging  to  the  Miocene  Tertiary  Period,  extenaivL  ly  developed 
in  the  lower  country  of  Switaeriand.  See  Yol.  II.  p.  348.  £<ym.,  French, 
moKsyiolL 

MouvsoAi  MoLtviooua  Avihau.    Animala,  such  aa  abeD^fiah^  which,  being 

devoid  of  honee,  have  soft  bodies.    Ettjm. ,  moUU,  soft. 
Monad.    ThesmallcBt  of  visiblr  animalcules,  spoken  of  by  Buflfon  and  hia  followem 

as  constitutinfT  the  elementary  molecules  of  organic  beings. 
MoMTOR.    An  animal  of  the  saurian  or  lizard  tribe,  species  of  which  are  found  in 

both  the  f(Msil  and  recent  state. 
HoitoeoTTLinoiiovs.  A  grand  diviiion  of  the  vegetable  kingdom  (inolnding  pahne, 

grasaee,  lilaoea,  deo.),  founded  on  the  plant  having  only  one  Mh/ltitn,  or  eeed 

Icbe.   Aym.,  /csrsr«  MmM>  single. 
MoscHcs.   A  quadruped  resembling  the  ebaoioie  or  nurantain  goat,  ftom  which 

the  perfume  musk  is  obtained. 
MouifTAir*  LiMESTONK.    A  sorios  of  limestone  strata,  of  which  the  geological  posi- 
tion is  immediately  below  the  coal  measures,  and  with  which  they  also  some- 

timeeeHeniate.  BeelUde  I.,  M,  Vol.  II.  p.  456. 
M«TA.  A  term  applied  hi  Sooth  Ameriea  to  mud  poQved  oat  from  Toleanoe  daring 

oniptione. 

HvLTiLOOOun.  Ifany-ehambered,  a  term  applied  to  those  shells  wbirh,  like  the 
nautiln<),  nmTnonite.  and  other<i,  nrp  divided  into  many  compartments.  £^fR|., 
iniittit«,  many,  and  locuius,  a  partition. 
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Hvmts  or  800A.  The  loiontific  name  for  oonuMii  oiilttyMl^btMM  tt  ii 

composed  of  muriatic  acid  and  t  ht»  alkali  soda. 
iilv^Krr.r..    A  ftiuiif  of  tcopical  luoaoco^ iedonouji  plAuU,  indadinf  the  bajuuia 
and  piaintains. 

llo«cH£iJuxx.  A  liinfwloiin  wUeh|  in  geological  pomtion,  belong!  tothe  ndaBl^ 
«toMgM«ip.  Thi»  fennation  has  not  yet  bmx  fcfnd  in  EwgUnd,  md  tli*  Get- 
IMnB  is  adopted  by  Englisb  g^llc^fiats.   The  word  means  shell-limestone. 
ja»ii.,  wmmktl,  ilwn,  Mid  MkMtm,  \UnMtmm   6i«TaU»I.,K«V«L  U.^4fi6. 

NAriiTiiA.    A  very  thin,  volatile,  inflammable,  nnd  i\\iid  mineral  substance,  of 

which  there  ax«  •pringn  in  many  counUies,  p&rticuiariy  in  volcanic  district. 
HiwursAm.  A  yeUov  watar-lUy. 

Rsv  Rbb  aumron.  A  tniei  of  mdj  wid  iigiUiceoiit  ibtta,  the  pfedaounwt 
<<ottff  of  whiolt  ui  1itiDiL«ttd,  but  <ieBtaining  pactions  which  are  of  «  fiwniih 

gray.  These  oeom  often  in  spots  and  stripes,  so  that  the  series  bos  sometime 
br i  n  called  the  variefTfited  sandstone.  The  Eurnpoan  formation  so  called  lies 
in  a  geological  position  inuuedialejiy  above  the  omgneiuaaliJiMtttone.  See  Tahk 
I.,  K,  Vol.  11.  p.  455. 
II0DDI.K.  A  roaaM  inegalar<aha^  lamp  or  OMi.  £^.,  dimiirallH*  if  wteb 
kaot 

Hmiujci  Gaoopi.  Gfloqpfof  otttuB  mki  IdDn  w  «  nlo  or  atuidtti.  C^pk, 

mtrmM»  rule  or  pattern. 
JXvcLzvB.  A  solid  central  pM09^  ttoand  whioli  olfeflr  Bialtor  ioeoUoato4»  The 

word  is  Latm  for  kernel. 
IifuMMULiTEs.    An  extiact  genus  of  the  order  of  mollnscous  aminaU  called  Cephalo- 
poda, of  a  thin  lenticular  shape,  internally  divided  into  arnaU  chambers.  JStym.^ 
mmmMM,  Lrtia  for  inoiMy,uul  Mi«(,IAIf»,  stone,ftoai  iti  reeeaWmoii  tQAOois. 

OmiOIAV.  a  volcanic  product,  or  ^OOioi  Of  Iwa,  likft  COBIBQII  gree  n  botti^ 
glass,  which  is  almost  black  in  large  masses,  but  semi-transparent  in  thin  frag- 
ments. Pumirf^-'-tanc  is  obsidian  in  a  fro tliy  state ;  producfd,  ninst  jiri^brsbly, 
by  water  that  was  contained  in  or  had  accent  to  the  melted  stone,  and  coovcrted 
into  steam.  There  are  very  often  portions  in  masses  of  aoUd  obsidian,  which 
•pe  putiiU J  MBfvrled  into  ponloo. 

0«TOiAit  Dblvob.  a  graot  innadatMMi  nnrtioaod  in  AbnloiM  lnilM7i  oMppooid  to 
Itsn  taken  plaoe  In  the  reign  of  Ogyges  in  Attica^  whoM  dotlhil  fiigidJn  BMl% 
Chronological  Tables  in  the  year  1764  before  Christ. 

Old  Rxo  SA'^Tt^T  oNK  A  stratified  formation  immedintely  below  the  Carboiiifin«i 
Group,  liiitl  Bumctiaies  classed  with  it     Si  e  F.ilile  1.,  N,  Vol.  II-  p.  4r»«>. 

O1.IVIM  J£.  An  olive-coloured|  aemt-transpareiit,  simple  mineral,  very  oilen  uccuixing 
intlttJimofgiouuioBdofo^otobinbMtltaAd  lava. 

Ooim,  Oouvio.  Alimorfmio,oonoModbooiMiitliewppnwiilof  wwadod  portj* 
«lB%lihetbe  roeor  eggsofafiah.  The  nome  ii  alio  ipplied  to  a  laifo  gmp 
of  otnta,  Table  I.,  H,  Vol.  II.  p.  454,  olmwlerised  by  peculiar  {bonis, beoava 
limestone  of  this  kind  occms  in  this  gRMp  in  fim^iod,  I^nDOii  dbo.  iS%M^ 
tiit,  oun,  i'SSf  and  XiSac,  Hthns,  stnnr 

OwkLiii.v  Wood.  Wood  petrified  by  .siliciioug  earU),  and  acquiring  a  atruotiue 
similar  to  the  simple  mineral  called  opal. 

Oramovt  BamLM.  VorleMed  oniniolo,  oooh    oaokeo  ud  angmtii  Etym., 

OnoANic  KsMAjn,  Tk»  vmnoIm  of  aaMHlt  tnd  pluUi  (orfmM  MUoo)  ftni 
inofiMUoliito. 
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Orthocekata,  or  Orthockrji.  An  extinct  genoa  of  the  order  of  moUoscoaB  ani- 
aiftli,  oalled  Cephalopoda,  th«t  bilMbtted  ft  loog^fihambeied  eoiii«al  4iell«  like  • 
■limigbt  honk.  Mhfm^        eftftat,  ilnigbi,  and        «mw»  bom. 

Oftsoot  Bmoou*  Tbc  cemeatad  dMM  of  fragments  of  bonea  of  extinct  "niwiiila 
found  in  eavems  and  fiasarea.    Osteus  ia  a  Latin  adjective,  aignifjing  bonj. 

OaTKotoor.  That  diviaion  of  anatomy  which  treftts  of  the  booae;  from  avTiafi 
osteon,  bone,  and  Kcyoc,  lv<,'ajt,  a  discourae. 

UcTLiiiRs.  When  a  portion  of  a  stratum  occurs  at  some  diataaoe,  dstaohed  from 
(be  gcnetal  BMM  of  the  fimntioa  to  whieh  iflwlongo,  ooaie  praetiotl  minenl 
oorrejoio  ooll  it  «a  midUtf  wd  tfao  term  k  adopted  im  geologieal  Unfitafa. 

Or  ATI.  The  shape  of  an  egf.  £tym.,  mnmi,  egg.  9 

OriroSITIIlA**  Thi'  laying,'  of  cffgs. 

Oiinr     The  combination  of  a  metal  with  oxygtm  ;  rust  is  oxide  of  iron 

OlYcrx.    One  of  tlie  constituent  parts  of  the  air '^f  »h«^  atmoaphere  ;  th  i'  p  ir1  u  In.  h 

supports  life.    For  a  further  explanation  ot  the  word,  consult elcmenior^  V^oriu 

on  cheiuistrj. 

pAOHrpraiATA.  Aa  order  of  qnadrapeda,  inelading  the  dephaot»  rUnooeroi, 
horse,  pig,  &e.,  distinguinhed  by  having  thiok  okina.   Etyrn.,  M;(«f,pMltls, 

thick,  and  i*ffiA,  derma,  akin,  or  hide. 
P ACHFDERM ATocs.    Belonging  to  pachydermata. 

I'AL^oTHKRinM,  Pai.eotiiere.    A  fossil  extinct  quadruped,  belonging  lo  Liie  order 

Fachydcrmata,  resouibling  a  pig,  or  tapir,  but  of  great  size.    Etym.f  wmj^^^ 

paimM,  aadint,  and       r ,    cnrm,  wild  btaat« 
PAUoaT9i.ooT.  The  aeiaDoe  whieh  traata  of  foonl  lenaaiiia,  both  mimal  and  vrge- 

laUdt  &tfm.^  r«xe««r,  paleiaa*  aaeient,        eala,  Itaiage,  lad  \^h,  IcifaS)  a 

diaoonne. 

PrxiGiAN,  PcLAf  Tr     Bf^louging  to  the  defp  eca.    Etijm.,  prla^us,  sea. 
Psi'EiiiNo.    An  Italian  name  for  a  particular  kind  of  volcanic  rock,  formed,  like 

tuff,  by  the  cementing  together  of  volcanic  sand,  cinders,  or  scoria*,  Ac. 
Pktbolkvm.    a  liquid  niineraJ  pitch,  so  called  because  it  ia  seen  to  oo/c  like  oil  out 

of  the  nek.  f^ym,  jrc/ra,  rock,  and  olaam,  oil. 
PaxvooAMooa  or  PaAMBaooAaio  Plahts.  A  aame  givea  bj  Liaamui  to  thoae 

plant!  in  whieh  the  reprodoctiTC  organs  are  apparent  JSlym.,  ^«vi^«r,  pkmnmmf 

evident,  or  ^mttmfphaino,  to  show,  and  ^at/xoc,  r  r77m«?,  marriage. 
PiiLEORyf.AN  FiKt.ns.  Campi  Phlegrcti,  or    the  Burnt  1  m  The  con urrv  around 

Naples,  so  named  hy  the  Greeks,  from  the  Uraoea  of  igneous  action  every  where 

visible . 

PBoaoura.  See  **  Cliaketooe." 

PamTSAiiaA.  A  feans  of  fbor>winged  iaeecta,  the  krvn  of  whaeh^  called  eaddii 
worms,  are  need  bj  anglera  aa  a  bait. 

Parsica.  The  department  of  acieaee  which  treata  of  the  properties  of  natatmlbodiee, 
laws  of  motion,  Ciic. ;  sometimes  called  natniai  philooophy  and  BMhaaieal  phi- 
losophy.   Etijvi.,  (puffi:,  phtjsis,  nature. 

PavTOLOGV,  Phytological.  The  dcpartn.ent  of  aciencr  v  •  h  rt  l;itp«  tn  T>lants — 
aynonymous  with  botany  and  botanical.  Biym.^  (fvnr,  jphtftt/n^pitmi,  ana  a^o;, 
ie^goef  dieooone. 

PnTvorBAoeas.  PUaUeatiaff.   fiyai.,  fv«s»,  ^yton,  pbot,  and  ^^ym,  fkagdn, 

Pisoi.iTF..    A  stone  possessing  a  structure  like  in  agglti^nnflpiii  ^pafiy^  Slfpn.^ 

Tivor,  pison,  pea,  and  AiSoc,  lithos,  stone. 
PiSTiA.    Vol.  II.  p.  33.    The  pl«nf  mentioned  hv  Malle-Brnr  i  -  probsiblv  the  Ptstia 
StraiwttSj  a  floating  plant,  related  m  English  duck-weed,  but  very  much  larger. 
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PirCoAk  OrtftMgyoil;  cdtod  ■»  beawMi  it  h  iHiiMil  by  daUaf  ytoialhi 
gMod. 

PiTcairon.  A  rwk  of  a«Bilfamlnctm,htloiigiBrtotteimi^ 

nic  classes,  which  has  an  unettious  Rpp<»nnincp  like  indurated  pitch. 
Plastic  Clay.    One  ot'  llu'  h-^'ds  of  the  K.ocene  Tt-rtiury  Period  (aee  Table  I  .  F, 

Vol.  II.  p.  453),  so  called  because  il  id  used  for  making  poilery.    The  form  it  i  n 

to  which  this  noxoe  is  applied  u  a  wriM  of  be.ds  chiefly  wumUi  witit  whick  tiio 

daj  Is  maohtid.  Ettfm.t  whMtrm^  ptum,  to  ifatm  or  fldbion. 
FuHotAVMi.  A  ftarfl  «s(iaet  anpUUflOi  aaittnlf  iiwnmliling  tli*  aMiiua,  cr 

lisftfd  ind  €ioeodile  tribe.   JEtym.,  irA»«^jo»,  pleswUf  nev  to^  «bA  Mtf^t  •  BwA 
PtrocKKE.    Scr»  explanation  of  this  term,  Vol.  II.  p.  223. 

Flutomc  liocKs.  Granite,  porphyry,  and  other  igneous  rocks,  supposed  to  hare 
cdii^nlidated  from  a  melted  state  ut  a  great  depth  ixom  the  ftUfiace*  Foc  aAez- 
plauaUua  of  this  term,  sco  Vol.  II.,  Ch.  xxvi. 

TwnAnA.  CoMU*  A  mamnom  oiiM  of intartdbfifted  aninMLU,  bo  Um^i  ag  to  dw 

gtMt  diviidon  ealled  lUdiatt. 
PoBTHTiiT.  An  wwtratified  ot  igneMs  The  tBRn  k  it  old  u  the  tSne  of 

Pliny,  and  was  applied  to  a  red  rock  with  small,  angular,  white  bodies  diflln^ 
through  it,  which  are  cry-trillixed  felspar,  brought  from  Etrypt.  The  terra  ia 
hence  applied  to  every  species  of  uastratified  njck  in  whicii  deta  h<  d  rrr^tnk 
of  felspar  or  soroe  other  mineral  are  ditfu^d  through  a  base  of  other  auoiiiad 
composltkm.  '  £tym'.y  it:t^4*'fm.f  p&rpkyrk,  puri4e. 

Fonuvs  IdnnroKE,  FowcthAvh  Bsdi.  A  eerieo  of  Bimeloiw  ilnt%  belonging  t» 
the  upper  pert  of  the  Oolite  Otottp  (eee  Tehle  h, B,VcL  U. p. dM),  tod 
ohlefly  in  England  in  the  Ulttld  of  Portland  on  the  coast  of  Pniiitililie  The 
groat  supply  of  the  building  stone  used  in  London  is  from  the»e  quarries.  [ 

Poz7.uoi.AlfA.    Volcanic  ashes,  largely  used  n??  mortar  for  buildini»"5,  similar  in  nature  i 
to  what  in  called  in  this  country  Roman  cement.    It  gets  its  naiue  irom  Poz-  j 
zuoli,  a  town  in  the  bay  of  Nicies,  firom  which  it  is  shipped  in  large  qoaatitin 
to  all  pert!  of  the  MediteneMBB. 

FueimATB.  Sefeetuioee  whieh  hectlBg  been  dlwolwed  hi  a  flold,  an  eepanlBd 
firom  it  by  combining  ohemically  and  forming  a  solid,  which  falls  to  the  baHHB 
of  the  fluid.    Tliis  proces.s  is  the  opposite  to  that  of  chemical  solution.  ' 

Pbodcota.  An  extinct  genus  of  fossil  bivnlve  shells,  occurring  only  in  the  older 
secondary  rocks.    It  i?  closely  aliicd  to  (In  livmg  genus  Terebratula. 

Pujit£Bci:Ncs.  The  soil  iitury  down  on  insccUt.  lUyaUfptdtescOf  the  ^st  growth  of 
theboofd. 

PooDiaaeroni.  Bee  Congjoweiate." 

PoaioB.  A  Hght  epongy  kta,  ehielty  ftkpathio,  of  a  white  colour,  prodwed  by 
gases,  or  watery  vapour  getting  access  to  the  particular  kind  of  glassy  Uva 
called  ob.'-idian,  when  in  a  state  of  fun-ion — it  may  be  called  the  froth  of  melted 
volcanic  glass.    The  word  conies  from  the  Latin  name  of  the  stone,  ^yi/mrx- 

PuKSECK  liiMitsTuKjc,  PuKBECK  I^EDS.  Limestone  strata  belonging  to  the  Weaidca 
Oloap.  See  Table  1.  G,  VoL  IL  p.  454. 

PmrasCbon).  Aeoayeaadof eidpiiaraadiioa,lhaiidaiwenyMyeitoir Aia^ 
eiyatijelika  hwie,and  to  ahawet  ofaqr  io<k»  ittaditd  and  aortntiiiil  The 
ditoing  metallic  bodies,  so  often  eeen  in  common  roofag  aht^aia  B  lhaillir 
example  of  the  tnineral.  The  word  is  Greek,  and  rnmes  from -ru;, /»yr,  fire ; 
because,  uiuJt  r  [Kirticular  circojaaurtanoeai  the  etone  produces  ^ontaiieoaa  heal, 
and  even  tnliammation. 

FraoiixTxa.  An  instrument  for  measuring  intense  degrees  of  beet.  • 
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guadrust  a  deriratiTe  of  the  Latin  word  for  the  nimber  JboTi  i 
the  Ibor  Aet  of  Ifaew  a^mek  beinf  in  iimie  ilefPM  iMalile 
QVA-tvA-TWjLi.  DiF.  The  dip  df  hade  toell  pointe  «f  the  ewnpei  erwmd  eeentre, 
le  in  the  ciee  of  beds  of  Uta  tonnd  the  enter  of  »  Toleano.  Biffm,,  fd  fmtt 

vtrsum,  on  every  side. 
Qt7AKT7..    A  German  pmvinrial  term,  universally  adopted  in  scientific'  language  for 
a  simple  mineral  Qouipi»«cd  of  pure  sileXi  or  earth  of  flints :  rock-crystal  is  an 
example. 


Mabl.  a  tarn  often  applied  to  the  New  Red  Sendftooe,  wUeh  ie  the  prinoi" 
pel  member  of  the  Jled  Swditoiie  Group.   See  Table  I ,  K,  Vol.  II.  p.  455. 
BancDLATB.  A  gtraeUae  of  oroi  toee,  Mhe  n  net,  ia  eeid  to  be  lotiootoled,  tttaa 

reUj  a  net. 

&OCK  Salt.  Common  culinary  salt,  or  mnrtale  of  soda,  found  in  vast  tJoUci  masses 
or  bedtii,  m  ditierent  formations,  extensively  in  the  New  Red  Sandstone  fbrma- 
Hon,  aa  in  Chaah&iia  3  and  itia  than  oaUod  tvaft-aalt 

BmmMMAwnh,  Anfanak  whiah  mnunalB  or  ohaw  the  end,  anah  aa  the  oK|  dear,  Ae. 
&jfm.,  the  Latin  TOih  mawao,  meanfaig  the  same  tMng. 


flAcrHARoiD,  f^ArcHAKiirK.   When  a  stone  has  a  texture  resembling  ttial  of  loaf- 

sugar.   Elipti.,  v^aitx,"?,  sfieckarf  sugar,  and  w/ac,  eidM,  form. 
Sajlibht  AiroLB.    In  a  zigzag  line,  IFig*  in,} 

a  a  are  the  salient  angles,  b  b 

Hw  m-anleringanglea.  Etym.f 

mdirtf  fee  leap  or  boand  for< 


Sau  Sfrihos.  Springs  of  wntor  roTitnining  a  large  quantity  of  common  salt  They 
are  very  abundant  in  Cheshire  and  Woroesterthize, and  oiiUnarj  salt  is  obtained 
from  them  by  mere  evaporation. 

SAvnavora.  Any  stone  which  k  composed  of  en  ugi^lutination  of  gnina  of  aand, 
whatfaar  oakareona,  iUieaoQa,  or  of  any  other  ndneral  natoie. 

Savbiam.  Any  enSmal  bttongiag  to  the  liaard  tribe.  Ehfm*,  ewy,  spmwi,  a  Hard. 

SosifT  is  often  laad  aa  synonymous  with  slate ;  but  it  may  be  yery  vmMI  to  distin- 
guish between  a  f>r}ii^fo<!r»  nnd  a  slaty  structure.  The  granitic  or  primary  scAwfs, 
as  they  are  teriun],  sm  li  ;is  g-neiss,  mica-schist,  and  others,  cannot  be  split  into 
an  indefinite  number  ot  parallel  laiuinte,  like  rocks  which  have  a  true  slaty 
cleavage.  The  uneven  schistose  layers  of  mica-scluBt  and  gneiss  are  probably 
lajaia of depeattion whiobhave  aaannad  aaryatalliBa taxton.  8aa  **  Gianniga.*- 
JltyNkyjdUiftte,  adj.  Latin}  that  whkh  nay  be  split. 

BoBaroiK  Rocks.   See  "  Schist." 

800KIX.   Volcanic  cinders.   The  word  is  Latin  for  cinders. 

St.  AM"    Thin  layers  which  separate  two  strata  of  greater  magnitude 

Sr.cusDAKv  SriukTA.  An  extensive  M^^rie*  of  tlic  stratified  rocks  which  compose  the 
crust  of  the  globe,  with  certain  characters  in  cummuu,  which  distinguish  them 
flron  anolhcf  aariaa  baloir  then  oallad  pHmmf,  and  from  a  Hiiid  aeilea  abawa 
tliamoalladtarCMry.  Baa  Vol.  IL  p.  4»-,  and  TUblo  L,  Vol.  IL  p:  454. 

SzcuLAa  BarniOBRXTioN.  The  parlodkal  ooolinf  and  oouaiidBtifln  of  liw  globn 
from  a  supposed  original  state  of  fluidity  from  beat.    Saculum,  age  or  period. 

BiT>?MF.NT\RT  RorK><,  nre  those  which  have  been  formed  by  their  nmtiiiah  |infjn|^ 
III  <.  n  thrown  down  in  iii  n  state  of  suspension  or  solution  in  water. 

SKLi:.NiT£.    Crystallized  gypsum,  or  sulphate  of  lime— a  simple  mineral. 

SaPTAniA.  Fhttanad  baUa  of  stone,  generally  a  kind  of  izon-stone,  which,  on  being 
iTlit»aw  aeaa  to  b>  aapnated  i>  Ifcair  iatttkc  aHa  in^nig  maawa.  Eitfm., 
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BmBwmtrmm.  A  look  mmify  g— Iriulig'  wmok  iMgnfttim  earth,  fbr  tte  wMt  pnt 
Mrtwtiflriykit  iintini  ippeMiag  to  b*  w  ihini  iMluoorphie  MnlUM 
tock*  111  BHW  !■  dwifvd  6mi  fti^nnti^  pMittaiif  oouinili  ef  oolsoVf  ^kp 

Mm  of  some  Mrpents. 
Sbat.I!.    a  provincial  term,  adopted  hy  ^ooIo^inUi  to  ttfMM  Ml  isillMioA  lla^ 

clay.    Etym.,  German  schalen,  to  peei,  to  Bplit. 
SauLL  Marl.  A  deposit  of  clay,  peat,  and  other  subatuuses  mueU  with  abeUs, 

which  ooUocts  at  the  bottooK^kkot. 
Banroui.  The  tooie  asd  oomplotelj  w«lsr>woni  gnfol  on  tiw  oeadmo, 
SiLSS.  Thtm—of  oneofthe  pore  earths,  boiaf  fho  Lalte  wwd  Ihr  jBl,  wlfafc 

li  whoOy  eompoaed  <4'tfafft  oartb.   French  geologists  have  applied  it  as  a  gene- 

rie  name  fVir  all  miri«'ral?  oomposed  oalivilj  o£  tfaol  ovthf  of  whioh  tbsn  fCO 

many  of  clitTcrent  external  lorins. 
Silica.   One  of  the  pure  earths.    £tym.,  tilez^  ^mij  h&i^wm  found  iu  that  luineraL 
SiucATB«   A  chemical  compound  of  ailtoa  and  another  sulwtanee,  such  aa  atlicate 

ofifoiL  Conaiilt  oloiBMitMy  wotim  o  ohaniitiy. 

eeooa  loek  ia  one  mainly  composed  of  sUez. 

BiLICiriKTi.    Any  BubsfnTif^^^  thnt  is  petrified  or  mineralised  by  siJtcrmts  onrth. 

&Wf*  The  more  comutinulni  s.mi],  cliiy,  andcartli,  which  18 transporlrd  \>v  runninij 
water.  It  is  often  accumulated  by  currents  m  banks.  Thua  the  moatii  of  a 
rirer  is  ailted  op  when  its  entrance  into  the  sea  ia  impaded  by  meh  aommmbk 
tioB  af  looaa  Biatflifab* 

Bivr&B  M uiBBAL.  lodivMoal  nnoMil  aBbataneaa,  m  dMafniaM  ftaa  iMta^ 
whaah  last  are  osoally  an  aggregation  of  aimple  xninerala.  They  are  not  itepb 
in  regard  to  their  nattire;  for,  when  pnbjected  to  chemical  annly^is,  thry  are 
fbund  to  consiBt  of  \  ariety  of  different  substanoea.  Pyrito?  is  a  s;inple  imne- 
ral  in  the  aenae  we  use  the  term,  bat  it  ia  a  fihemieal  ooiupound  ot  auiphor  and 
iron. 

Sun.  aMi''ClMvage  'aad«8afekt'* 

SouATABA.  A  TOlaarta  ttan  htm  whUk  iilphDr^nllphme— ^iwliiyy^dadi 

Yilpoiua  aad  faaaa  no  aoitled. 
SroKULsa.  11»  re^odaotofy  iiifliiMik  ^iriMla  Mtoa)  of  «ifflifiBa»  flMlk 

EUi/m.y  9"rtf*,  spora,  a  seed 
BtALAc  riTE.    When  water  holtijng  Inntj  lu  sohition  deposits  it  aa  it  drops  from  the 

roof  uf  a  cavern,  long  rods  of  atone  hong  down  IJie  icidoa,  and  these  are  cail«i 

ttalmtius.   Etym.f  vrtU^m^m,  stalazo,  to  drop. 
SuuuAMin.  WliMWVlirlBldiif  ttiMiBaaMaB^nitfaBtte 

tho  walirafapoiatipglBaMa»anMfc  tmftmd  «t  Itfm  af  Hmm^bmmt  aanba 

crust  is  called  4ioiif«ite»  ftom  rv«A«>^aa  ^tAfgmm,  u  4ia^  Ia  vf/mMm  IoMk 

laciiUf  which  see. 

Statical  Fic:rKE.  The  figure  which  rr^tilta fiomyM aqoijiibriiim of  fbieoa.  Froai 
o'TXTsc,  statos,  stable,  or  standing  ^uil. 

Stkrkum.    Ttie  breaat  bone,  or  the  flat  bone  occupying  the  fixmt  of  the  chest. 

BnMMfM.  A^yHrfliMd  ■iiiifto  wiiaw^iMily  whiti^ai^af  th>  ITaiBti  hmflf^ 
flmtoiBiyinoliidadlathamaaBof  SiataapMaki. 

Bwrnmnxo.  Baaka  amaigt^  la  Ike  form  of  Mmtt,  which  §em, 

STaannoamofi.   An  arrangement  of  rocks  in  $tratay  which  see. 

StKATA,  Strati'^  Tin  t*  rm  stratum,  derived  from  the  Latin  rrrb  sfrao,  to  strew 
or  Iny  nut,  hkmiis  ;i  iu-il  nr  ma«s  of  Tnntlt'r  s[)n  ;id  diiI  over  a  certain  snrfaco  by 
the  action  ot  water,  ur  in  some  cases  by  wind.  The  deposition  o(  successive 
kyanof  amd  aad  pmnA  ia  fka  badaf  •  mr,oriA  »  mmI,  aibtda  a  peiftat 
MlmliiiiiB  \  uik  af  tki  9mm  mk  origin  if  ikilurtMi   A  ktrgo  poilloAaf  «ki 
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mMU»  eoMtitQtiB|f  the  mxih*B  enuft  tie  tliQi  Miiifiedy  the  wnoemin  itnte  of 

a  given  rock^prescrviag  a  fOMfftl  pmlleUm  to  each  other ;  but  the  planes  of 
stratification  not  hcincr  perfectly  parallel  throogboot  a  great  ozteni  like  the 

planes  iA' clcamg^e,  which  sco. 
Strike.    The  dirrrtion  or  line  of  hoantig  oi  strata,  wliich  is  always  at  right  angles 

to  their  prevailing  dip.    For  a  fuller  explanatioUi  see  Vol.  II.  p.  471. 
SoBAmnnms.  Low  hille  whioh  ekivt  or  lie  at  the  loot  of  the  gteet  ohain  of  the 

Apennhiei  in  Italy.  The  tram  Bnbapeiiiiiiie  ie  iqqpUed  geologieilly  to  a  ooiiee 

of  strata  of  the  Older  PUooene  period. 
Stzkits.   a  kind  of  granile,  so  called  because  it  was  brought  ftom  Syene  in  £gypt. 

For  oreological  accc'ptation  of  the  term,  sec  Vol,  II.  p.  473. 
BrvciASM.  Axis.   See    Anticlinal."   £tifm.,vuf,  ayUf  together,  and  axirv,  dmOf 

to  incline. 

Talvs.  WhenftegiMiiteanbroteoffhjtfaeaetionoftheiroatfaerfhm 

of  a  eteep  neh,  they  aeeDnmlale'at  ite  ibot,  they  fenn  a  doprng  heap,  celled 
a  talue.  The  teim  is  borrowed  from  the  language  of  fortification,  where  lelas 
means  the  outside  nf  a  wall  of  which  the  ItilnknoM  is  dimiaiehod  by  degreee,  as 

it  rises  in  height,  1o  make  it  the  firmer. 
Tars  I .   The  feet  in  insects,  which  are  articulated,  and  formed  <^  five  or  a  less  num* 
ber  of  joiuta. 

TaMTfAXT  flvBATA.  A  nrlee  of  eedaneDtwy  lodke,  with  ehineten  whieh  dielia* 
goish  them  fiom  two  other  great  seriee  of  etwfa  the  aeoondaiy  and  primaiy^ 
which  lie  beneath  them. 

Tbttacea.  Molluscous  animals,  having  a  dielfy  ootenqg.  jE^ym.,  IciCSy  a  dieU, 

such  as  snails,  whelks,  oysters,  &c. 
Thermal.    Hot.   Etym.y  ^tff*oe f  thermos,  hot. 
THXRiio>si.scTRiciTr.   Electricity  developed  by  beat. 

Thiv  oot.  When  a  etratdm,  in  the  eovne  of  its  pfoloagation  in  any  direetion, 
becomee  grednally  lees  in  thieknees,  the  two  aoifteea  i^pioaoh  nearer  and 
nearer;  and  when  at  laat  they  meet,  the  itiEtum  is  said  to  thinovtordiaappear. 

Trachttk.  a  variety  of  lava  essentially  composed  of  glassy  felspar,  and  frequently 
having  detached  oryf^tnli  of  felspar  in  the  base  or  body  of  the  stone,  giving  it 
the  fltructure  of  porphyry,  it  sometimes  contains  hornblende  and  auc^ite  ;  and 
when  these  last  predominate,  the  trachyte  pas^s  into  the  varieties  oi  trap  called 
greenstone,  basalt,  dolorite,  Ac.  The  tenn  ta  derived  from  rfnx^^*  'nMfcv'y 
rengh,  beeaoae  the  rock  haa  a  peenliar  1001^  M. 

Tear  and  TaLknmjoi  Eocxa.  Vokanie reeka  eoo^oeed  of  ftlipriadgite,  and  hem- 
blende.  The  vaiione  peoportione  and  atate  of  aggregation  of  tfaeae  iinple  mine- 
mis,  and  differences  in  external  forms,  give  rise  to  varieties,  which  have  received 
distinct  apjM^llations,  such  a."  basalt,  amygdaloid,  <lolorite  greenstone, and  others 
Tlie  ti nil  is  ilerived  from  trnppu,  a  Swedish  word  for  stair,  because  the  rf>cks 
of  this  cioBa  sometimes  occur  in  large  tabular  masses,  rising  one  above  anoiiier, 
like  atqia.  For  Iht^r  explanation,  see  Vol.  11.  p.  479, 460. 

TnAvxaTui.  A  ooneretiottHy  limealone,  ufoally  haid  and  Mmi-oryatalline,  depoe- 
ited  firom  the  water  of  aprings  holding  lime  in  solution.— E^i/m.  This  stone 
was  called  by  the  ancients  Lapis  Tiburtinus,  the  stone  being  formed  in  great 
quantity  by  the  river  Anio,  at  Tibur,  near  Rome.  Some  aappoae  travertin  to 
be  an  abbreviation  of  trasteverino  from  transtiburtinus. 

Tropbi,  of  InsccUi.  Organs  wliicii  form  the  mouth,  consisting  oi  an  upper  and 
under  lip,  and  comprising  the  parts  called  mandibles,  mazills,  and  palpi. 

Tova,  Caloauoui.  A  poroae  loek  depoeited  by  ealoareooa  waten  on  their  expo- 
enre  to  the  air,  and  naoally  containing  portiona  of  planta  and  other  organic  anb- 
VoL.  I.-^  T 
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■mew  iMTMlBd  with  ettbonito  of  lime.  The  nwro  lolid  Ibcm  of  die  wmm 

deposit  M  caDccI    travertin,*'  into  irilildl  it  pMMt. 

TvTA,  VoLCAWic.    Bee  "  TuC" 

TrF\f  ror<i.    A  rock  with  the  tpxturo  of  tnff  or  tufa,  which  see. 

Torr  or  Ti  FA,  VoLCAffic.    An  Italian  rtanu  I  *r  a  variety  of  volcanic  rock  of  an 

cartliy  te&ture,  neldom  very  cuiiipact,  and  composed  of  aa  agglutiimtiop  of  iGra^- 

nwBli  of  aooam  tnd  looae  maUer  ejected  firom  a  Tokano. 
TtasniATBD.  8h»lb  wliteh  hwnipiiil  or  iweir-lbnn  glnioUiie.  £<ym.,  dviiM* 

fw,  made  like  a  top. 

UjrcofroRMABT.r.   See  "Conformable." 

UvouDMso,  UiiouoATSp.  Mot  ooBibiiied  with  oxjgeA. 

Veins,  Mi.n£hal.    Cracka  in  rocka  filled  up  bj  substances  difierent  from  the  rock, 

friiiflkai^cilfaMbeeeftlkyormlillie.  VdBeimeooietiBweiiinijyeidewida; 

and  tiwj  ramify  or  bcaaoh  off  into  innnmsnUe  tmaUer  parta,  oAen  aa  slender  aa 

thieidet  like  the  veine  in  an  animal,  henoe  their  name.' 
VanrsBnATin  Animals.   A  great  division  of  the  animal  kingdom,  inolnding  all 

those  which  are  furnished  with  a  backbone,  as  the  mammalia,  birds,  reptiles, 

and  fishes.   The  separate  jointa  of  the  back-booe  are  called  vat^m,  &om  the 

Latin  verb  vcrto,  to  turn. 
VasicLz.   A  small,  circular,  inclosed  space,  like  a  little  bladder.    EiifM^  diminutiTe 

of  Mtka,  Latin  Ibr  a  bladder. 
VrrniPicaTioir.  Tlw  eonvocaion  of  a  bodj  into  glass  by  heat. 
V01.CANIC  Bombs.   Volcanoe  throw  oot  sometimes  detached  masses  of  melted  lava, 

which,  as  they  fall,  assume  rounded  forma  0ike  bamb-aheUs),  and  are  oAen 

elongated  into  a  pear  shape. 
Volcanic  Foci.    The  subterranean  centres  of  action  in  volcanos,  where  the  heat  is 

suppo^d  to  be  in  the  highest  degree  of  energy. 

Waokb.  a  rook  nearlj  allied  to  baaalti  of  whioh  it  nay  be  regarded  aa  «  Boft  and 
earthy  Yariety. 

ZsoLiTS.  A  family  of  simple  minerals,  including  stilbite,  mcsotype,  analcime,  and 
some  otliers,  usually  found  in  the  trap  or  volcanic  rocks.  Some  of  the  most 
common  varieties  Hwell  or  boil  up  when  exposed  to  the  blow-pipo,  and  hence 
the  Qame  of       zco,  to  boil,  and  xiSec,  lithaSt  stone. 

ZoonifTBi.  Gofals,  sponges,  and  other  aqoatie  anbnals  allied  to  them;  ae  oallid 
beeaoae,  while  Ihey  are  the  habitatioa  of  aniDnb,  they  are  find  to  the  groond, 
and  have  the  finma  of  planta.  ISlym.,  ^nst,  Mon,  aaiiiiil»  tad  ^Tst » y^lia, 
plant 
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